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CERTIFICATION UNDER 37 CFR 1.10 


hereby c&rtify that this paper and any documents referred 
~tt> ^$9®nciosed or attached are being deposited with the 
WwrTn-ise$»es Postal Service on this date in an envelope as 
il Post Office to Addressee" Mailing Label Number 
5US addressed to: 

COMMISSIONER OF PATENTS AND TRADEMARKS 
WASHINGTON, D.C 20231 

Attn: Box Patent Extension ^ 


United S 
"Express, 
SV EM2724 
^TRAD^ 


on 


g/ll|97 


Date 
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Applicant:Chandraratna 
Title: DISUBSTITUTED ACETYLENES BEARING HETEROAROMATIC AND 

HETEROBICYCLIC GROUPS HAVING RETINOID LIKE ACTIVITY 
Allergan Docket: 16561CIP1(HL) 

U.S. PATENT NO.: 5,089,509 

ISSUED DATE: FEBRUARY 18, 1992 

Enclosed Are: 
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2. POSTCARD 

3 . DECLARATION OF ft TTbFAJ^ 

4. APPLICATION FOR EXTENSION OF TERM UNDER 35 § USC 156 

5. ATTACHMENT A 

6. ATTACHMENT B 

7. ATTACHMENT C 

8. ATTACHMENT D 

9. ATTACHMENT E 

10. ATTACHMENT F 

11. ATTACHMENT G 



DOCKET NO. 16561CIP1(HL) 



PATENT 


UNITED STATES PATENT AND TRADEMARK OFFICE 


tent No. 5,089,509 
Issued: February 18,1992 
To: Roshantha Chandraratna 


August 11,1997 


For: DISUBSTTTUTED ACETYLENES BEARING 
HETEROAROMATIC AND HETEROBICYCLIC 
GROUPS HAVING RETINOID LIKE ACTIVITY 


Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 

Re: Allergan 

U.S. Patent No. 5,089,509 



Sir: 


Transmitted herewith is an application for extension of 
patent term under 35 U.S.C.156 with regard to U.S. Patent No. 
5,089,509. Two copies are submitted as duplicate originals. 


Please charge Deposit Account No. 01-0885 in the amount of 
$1,060. The Commissioner is hereby authorized to charge any 
additional fees which may be required, or credit any 
overpayment to Account No. 01-0885. A duplicate of this sheet 
is enclosed. V 


Respectfully submitted. 


ALLERGAN 


By_ 





Robert J. Ba^an 
Attorney for Applicant 
Registration No. 25,806 


CERTIFICATE OF MAILING 

I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH THE UNITED STATES 
04/08/1998 ACO fi®STO«M80Sv1I©WlTtf®9IO9CIENT POSTAGE AS EXPRESS MAIL IN AN ENVELOPE ADDRESSED TO: 

01 FCslll BdWPrfPtffr EXTENSION, ASSISTANT COMMISSIONER FOR PATENTS, WASHINGTON, D.C. 20231 ON 
August 11, 1997 (Date) 

Name of person making deposit. Bonnie Ferguson . 

Signature:_.Arn ^ Date II Jcjfj _ 
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PATENT 

UNITED STATES PATENT AND TRADEMARK OFFICE 


fent No. 5,089,509 
ftuary 18,1992 
To: Roshantha Chandraratna 


August 11,1997 


For: DISUBST1TUTED ACETYLENES BEARING 
HETEROAROMATIC AND HETEROBICYCLIC 
GROUPS HAVING RETINOID LIKE ACTIVITY 


Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 



APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. 15 6 


Sir: 

Allergan, a Texas Limited Partnership, (hereinafter 
"Applicant") hereby submits this application, under 35 U.S.C. 
§156, for extension of the term of United States Patent No. 
5,089 509, by submitting this application pursuant to 37 CFR 
§1.740. 


Applicant represents that it is the assignee of the 
entire interest in and to U.S. Patent No. 5,089,509, by 
virtue of the following: 

U.S. Patent No. 5,089,509 issued on U.S. Patent 
Application 326,191, which was filed on March 20, 1989, and 
is a continuation in part of U.S. Patent Application Serial 
No. 246,037, which was filed on September 15, 1988, and is a 
continuation of U.S. Patent Application Serial No. 028,279, 
which was filed on March 20, 1987. 


U.S. Patent Application Serial No. 028,279 was assigned 
by Roshantha Chandraratna to Allergan, Inc. on March 10, 
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1988, which assignment was recorded at Reel 4837, Frame 039 
on February 8, 1988. 

U.S. Patent Application Serial No. 326,191 was assigned 
to Allergan, Inc. by Roshantha Chandraratna on March 20, 

1989, which assignment was recorded at Reel 5467, Frame 275 
on October 9, 1990. 

U.S. Patent No. 5,089,509 was assigned by Allergan, Inc. 
to Applicant, a wholly-owned subsidiary of Allergan, Inc., on 
January 17, 1996, which assignment was recorded at Reel 8239, 
Frame 0239 on May 6, 1996. 

(1) The approved product (TazoracT is a topical 

formulation of the active ingredient, Tazarotene, which is 
ethyl 6-[2-(4,4-dimethylthiochromari-6-ylj ethynyl]nicotinate, 
and has the following structure: 



Exhibit A. 

(2) Tazorac a was subject to regulatory review under 
the Federal Food, Drug and Cosmetic Act, 21 U.S.C. § 355. 
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® . . 

(3) Tazorac received permission for commercial 

marketing for use in treating psoriasis or acne under Section 
505 of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 
355) on June 13, 1997. 

® 

(4) The active ingredient of Tazorac, Tazarotene, has 

not previously been approved for commercial marketing under 
the Federal Food, Drug and Cosmetic Act, the Public Health 
Service Act, or the Virus-Serum-Toxin Act. 

(5) This application for extension of patent term under 
35 U.S.C. 156 is being submitted within the sixty (60) day 
period permitted for submission, the last permitted day for 
said submission being August 12, 1997. 

(6) The complete identification of the patent for which 
an extension is being sought is as follows: 

Inventor: Roshantha Chandraratna 

Patent No.: 5,089,509 

Issue Date: February 18, 1992 

Expiration Date: February 18, 2009 

(7) A copy of the patent for which an extension is 
being sought is attached hereto as "Attachment B". 

(8) No disclaimer, or Reexamination Certificate has 
been issued with respect to U.S. Patent No. 5,089,509. A 
Certificate of Correction was issued on June 21, 1994, a copy 
of which is attached hereto as "Attachment C". A copy of the 
Maintenance Fee Statement indicating payment of the 
Maintenance Fee, Fourth Year, in August of 1995, is attached 
hereto as "Attachment D". 
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(9) U.S. Patent No. 5,089,509 claims the active 

® 

ingredient of Tazorac , Tazarotene, i.e., ethyl 6—[2—(4,4— 

dimethylthiochroman-6-yl)ethynyl]nicotinate, as identified in 
Paragraph (1) above. More specifically, claims 4 and 19 of 
this patent cover that compound as follows: 

Claim 4 reads: 

i 

Ethyl 6-(2-(4,4-dimethylthiochroman-6- 
yl)ethynyl)nicotinate. 

Claim 19 reads: 

A method of treating psoriasis in a mammal which method 
comprises administering alone or in conjunction with a 
pharmaceutically acceptable excipientj a therapeutically 
effective amount of a compound of the formula 



where X is S or 0; R is hydrogen or lower alkyl; R 2 is methyl; 
A is pyridyl; n is 0-2; and B is H, -COOH or a 
pharmaceutically acceptable salt thereof, or an ester thereof 
with a saturated aliphatic alcohol of ten or fewer carbon 
atoms, or with a cyclic or saturate aliphatic cyclic alcohol 
of 5 to 10 carbon atoms, or with phenol or with a lower 
alkylphenol, or an amide or a mono or di-substituted amide, 
thereof, the substituents on the amide being selected from a 
group consisting of saturated aliphatic radicals of ten or 
fewer carbon atoms, cyclic or saturated aliphatic cyclic 
radicals of 5 to 10 carbon atoms, and phenyl or lower 
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alkylphenyl radicals, or B is CH 2 OH or an ester derivative 
thereof derived from a saturated aliphatic acid of ten or 
fewer carbon atoms, or from a cyclic or saturate aliphatic 
cyclic acid of 5 to 10 carbon atoms, or from benzoic acid, or 
an ether derivative thereof derived from a saturated 
aliphatic radical of ten or fewer carbon atoms, or from a 
cyclic or saturated aliphatic cyclic radical of 5 to 10 
carbon atoms, or from phenyl or lower alkylphenyl radical, or 
B is -CHO or a lower alkyl acetal derivative thereof, or an 
acetal derivative thereof formed with a lower alkyl diol, or 
B is -CORi or a lower alkyl ketal derivative thereof, or a 
ketal derivative thereof formed with a lower alkyl diol, 
where R1 is -(CH 2 ) m CH 3 where m is 0-4, or a pharmaceutically 
acceptable salt of the compound defined in said formula. 

When X is S, R is hydrogen, A is pyridyl, n is 0, B is 
an ester derivative of -COOH and a saturated aliphatic 
alcohol of two carbon atoms, then ethyl 6-[2-(4,4- 

dimethyl thiochroman- 6 -yl) ethynyl]nicotinate, the active 

® ... 
ingredient for Tazorac , is claimed for treating psoriasis. 

(10) The relevant dates and information pursuant to 35 § 
U.S.C. 156(g) to enable the Secretary of Health and Human 
Services to determine the applicable regulatory review are as 
set forth in "Attachment E". 

(11) A brief description of the activities undertaken by 
the Applicant during the applicable regulatory review period 
with respect to Tazorac® and the significant dates applicable 
to such activities is attached hereto as "Attachment F". 

(12) A statement in accordance with 37 CFR § 

1.740(a)(12) is attached hereto as "Attachment G". 
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(13) Applicant acknowledges a duty to disclose to. the 
Commissioner of Patents and Trademarks and the Secretary of 
Health and Human Services any information which is material 
to any determination of entitlement to the extension sought. 

(14) The prescribed fee for receiving and acting upon 
this Application for Extension is to be charged to 
Applicant's deposit account as authorized in the accompanying 
letter which is submitted in duplicate. 

(15) Any inquiries and/or correspondence relating to 
this application for patent term extension should be directed 

to: .. . ' • 

Mr. Robert J. Baran 
Allergan, inc. - 
2525 Dupont Drive 
Irvine, California 92612 

(16) Applicant's attorney, undersigned, hereby certifies 
that this application is being submitted in duplicate 
originals. 
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(17) The requisite declaration under 37 CFR § 1.740 for 
extension of patent term under 35 U.S.C. § 156 is also 
attached hereto. 


Respectfully submitted, 
ALLERGAN 


K Yq(Mm^ 


Robert J\ Baran 
Attorney for Applicant 
Registration No. 25,806 
Telephone: 714/246-4669 
Telecopier: 714/246-4249 


Allergan 

2525 Dupont Drive 
Irvine, CA 92612-1599 


CERTIFICATE OF MAILING 

I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH THE UNITED 
STATES POSTAL SERVICE WITH SUFFICIENT POSTAGE AS EXPRESS MAIL IN AN ENVELOPE 
ADDRESSED TO: BOX PATENT EXTENSION, ASSISTANT COMMISSIONER FOR PATENTS, 
WASHINGTON, D.C. 20231 ON August 11, 1997 (Date) 

Name of personrnaking deposit: JJonnie Ferguson . , 

Signature: Date /*? y_ 
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1-49% improvement 

^50% improvement • 

£75% improvement 

100% improvement 



ro 

-r^ 

ro 

ro 


-H 

'fa. 

OO 


ro 

co 

To 

2 

M 

ro 

ro 

cn 

ro 


11 

O 

ro 

03 

ro. 

00 


CD 

33 

sP 

0 ^ 

sO 


nO 


—*■ 

> 







O 














s 

ro 

CO 

CO 

— 

_ft. 


0 

ro 

TO 

CO 



2 

0 

ro 

03 


d: 


ll 

cn 


-C^ 

ro 

00 


CO 


-vP 

&v 

'sP 

o^- 

o^- 

■sP 


CO 

O 







CD. 


. 

cn 

CO 

0 


—i 

0 

CD 


0 


2 


—k 

ro 

03 

CO 


11 

O 

03 

co 

cn 

00 


'vT 

ZD 

>P 

0 ^ 

V? 

5^- 

>P 

O^* 

Np 


CO 

> 







O 







-1 







£ 

-L 

ro 

CO 

—ft 

0 


O 

O 

co 

03 

~vj 












CO 

cn 

ro 


II 

5^ 

A 

CO 

ro 

cn 


03 


O'- 

>p 

tfV 

>p 



CO 

L) 








ro 

ro 

ro 

_^ 

. 



co 


00 

0 

___ 










03 

CO 

co 


nP 

'■ II 


cn 

ro 

co 

ro 


1 OO 

< 

Vp 

tfV 

>p 

0 s ; 

N® 

()V 

vp 


> 4^. 

ro 







3" 







o' 

CO 

CO 

ro 

CO 

! O 


CD 

CD 

ro 

-L 



_ 

O 

^^ 


___ 

—ft. 


2 

CD 


CO 

ro 

0 


II 


ro 

cn 

CO 

Vp 


CO 


N° 

0 s 

LP 

N° 

o' 

0 ^ 


—ft. 










ro O 

i-.i 

CD 03 
CO — 

CO* 3* 

CO "O 

fl 

= 3 
3- r* 

CD O 
Q CD 

o’ cr 

5 03 
~ CO 
3 CD 
CO 

—I 3 
£> 0> 

cr jd 

CD ~ 
3" 
CD 

CD 

3 

Ql 

O 


CD 

CD 

vr 

co 


CD 

CD 

3 

CD 


CD 

CO 

CD 


O[D0 
ro n 

It 


ro = 

03 CD 
03 


ro ii 

Z3 

o 


35 

03 

_Q 

_ e 
O CD 
CD 


O w 

2L 

f S' 

TO CO 

cd 

O ro 

3 =- 

CD^ 
01 —. 
s? 

2 ro 
11 


II cn 

3 0 

D>. 

CL 5‘ 

~ to 

M 03 

II 13 

3 °* 

8.J[ 

ro ^ 
ro ro 
ro 3 
. - ro 
• co rn 


11 8 
ro ro 
£ CL 
<5 o 


Z 


ro 


5 ro 
ro ro 
ro 3 

£ 0 
K 3 

-.. U - 

rt CO m CD 

ro ro 3 

5 =r ” 

CD O 

8-3 

CO CD 

03 ro cu 

w j) 

ro ro 5: 

—, =r? co s. 

^ 3 
zr ro 
ro qj 
ro — 

3 ro 

CL Z> 

o CL 

ZT S. 

=3- 

£5 ro 

03 -c 

3 ro 


II w 


CO S. 

S =r 

CD 


CD 


Erythema 

Scaling 

Plaque 

elevation 

2 

II 


0 0 

ro -L Kn 
-u ro * 

0 0 

rb -L to? 

ro 

0 0 


u 

- 1.0 

* 1.1 

P r* 

co _ft tew 


O 

00 

Trunk/Arm/ 
Leg lesions 

TA20RAC ,M 0.05% Gel 

2 1 
• 0.8 

= K 


- 

11 

•0.9 

-07 

O -L ro 
bo — fen 

ttu 

O 

CD 

Knee/Elbow 

lesions 

0 ro 
co Kn 

z& 

-0.9 

iK 


tb -L ro 
co b wl 

u 

-1.3 

• 1.0 

iiK 

O 

OO 

Trunk/Arm/ 
Leg lesions 

—1 

O 

3 

> 

g 

£ 

O 

vS 

O' 

0 

CD. 



ie 

ro 

cb — ro 
bob 

6 L M 
bo k> fen 

O cn K 

0 

CD 

Knee/Elbow 

lesions 

2l5 

- 0.8 



ro 

0 0 ro 

Lj cr> to 

u 

-07 

- 0.8 

O 0 to 
to bo tu 

0 

00 

Trunk/Arm/ 

Leg lesions 

Vehicle Gel 

11 

-0.5 

0 ro 

Lj fcn 

0 ro 

Lj (cd 

i 

Cft3 

11 

-0.5 

- 0.6 

cb cb ro 

Li b> fen 

0 0 ro 

Li Li fen 

O 

OO 

Knee/Elbow 

lesions 

a ro 
cn fen 

(b ro 
cn Kj 

0 ro 
cn fcn 

Cft) 


Page 9 


CD 

< 

03 


GO 

o 

03 


cq 

3 

O. 

m 

■s 

=r 

CD 

3 

03 


o 

o 

o 


CD 

Q. 


o 

03 


co 03 ro 3 
O CL O S 

5 & s? £- 

S o' o_ 2 . 

^ r<Q 


5 » o5 cr * 0 
- R S 

3 0 ro< CD 

Ef 3" ^ C/3 CD 

CD =J CD CZ CD 

aim 

8 - 3* ® *< 

|- 3 5 s § a 

“ 3 « S 5 
L® 


03 =■ "□ 
“O ^ CO 

5 

2 . 0 “' 

_ CO 

O 03 CO* 

53 «§ " 

CD ^ 

g-S 

—. zr 

< o * 

o 


O 


o 

03 


co' co 


22- CD _ zj 

3 S § o 

ro 03 CD 9L 

3 * §' s. ffl. 

f~3 —^ CO 


ro =? 

« a 

jo CD 
CD Q_ 

ro Q_ 

S 5* 

CD o 

3 22 . 


O S. to" <0 co co 


o' 3- CO o 
3 ro c 
^ Ed o. £2. 

03^5 co cr 

® a.i ® 

_ =? 03 
—i zrr. J 13 

CD —| CD _q 
w >3 c 
3 N co ro 
CD 0<*D 

S 

5 0® S' 
= So 2 >. 
ro ' 5 = ® 

CO < o 

0 o S § 
< » Q- cd 

s ^f 


co c 

=?. Q. 

O g 

03 - 
Z3 _ 

3 SJ 
o 2. 
3 § 

SB* 05 
o P 
o o 
~ cn 
< 

CD o' 


03 

3 

CL 


03 CO 03 


CL 22. ^ “CJ 
CD* O’ 03 _ 
CO CD 3 O 


< P 

CD —l 
3~ 

O ^ 
CD CO 

_CD_ 

3* CO 


CD 

CO 


2 3 

0 bL 

Kd CO 

cn 

3 03 

3 isj 

CO_ S 

co 2 . 
q:^ 
" o 
o 
O o 
* cn 
cn o 


3 - 

CQ 03 
3 Q - 

3,3 

Q_ =3 

ro w 

CD 

3 

CD Q_ 
CO —. 
^.O 
CD^. 
CL O 
03 


CL Z2. 
O co 

ro „ 

Q_CO 

CD 

CO 

ro g* 
co =r. 
— o 

cr - 1 

o cl 

Q_ £13 
vC *-< 
CO 

^ 03 
CD ~ 

co‘^ 

IX o 

-eg 

03 = r 
3 —- 
CL 'vj 


J3 O 
ro o 

s’3 

s; 

CO 

3 2 

03 O 

*< S 

s > 

g ^ 

CD O 

sT w 

03 - * 


03 
—* 

3 

3 - 

CD 


03 

Q. 

3 

3 

co' 

CD 
~% 
CD 
CL 

O 

03 

■O 

3 

CO 

3 

03 

3 


O 

3 

03 

3 


23* 

3 ro 

2. CD 
CL =3: 
CO o' 
o 03 
o 

-I *< 

g o 
"l 

5 > 

ro o 
—< 
2 


03 

3 _ 

o' 

o 

CO 


o 

3 
■ CO 


O —1 

is 

ro ZD 
3. J> 

co O 

g. £ 

-k 03 
03 fst 
O 03 

53 ] 3 
03 3 

O 3 
3 CD 
CD __ 
< 0 
c~3. 
o 

03 


CO 

03 


;® ^2. 


£D 03 

® 3 
o| 

ro o 

Sg 

* O 
ro 3 
3 ro 
g--u 

ii. 

CD 
CL 


CD 

03 

3 

CL 


oS 
3 p 

0;i$ 

0 CO* 

3 03 

is 

CD _ 
3 3* 

ro a 

CO 03 
CD S. 

< 2 
CD CL 


O 

“O 

o’ 

03 


CD 

03 

3 

CD 

3 


< ro > — 
O CD n 2 

< B o O 

| CD 

CD 
3 


CD _ 

> 

o 9 

-H S 

*o . — . 

& 3 


o 

2 

CO 

> 


a 

‘ c: 


co O 
< CD w. 

S.= W 
5- ® > 

to O £ 

s"2. rr 
2 ; 2 

CD — 

"O CQ 

ro 2; 

-O 

e o 
® o 
~td cn 

2 55 

§■§ 

CO Q. 

O S 


03 

o 3 

ro 5 - 

O 

cr 2. 
O CD 
CL CL 

CO o 

a 

cl B 1 
ro cd 

® o 

os “a 


No change or worse 

1-49% improvement 

£50% improvement 

£75% improvement 

100% improvement 

1 

. 

ro 

faJ 

-Cx 

_^ 



—*• 

03 


CD 

__^ 








2 

>> 

- *■ 

ro 

03 

03 



Pvl 

O 

-vP 

o'- 

ro 

vP 

O' 

CD 

CD 

vO 


O 

0 

ZD 

-- 

--- 




cn 

> 







0 














£ 

- 

-Cx 

cn 

ro 

O 



ro 

CO 

03 

— 1 




__ 

^^ 

___ 

___ 



— *- 


-Cx 

-fx 

- L. 




0 

ro 

OO 

CD 




-vp 

0 s 

vO 

0 ^ 

*sP 

vP 


—X 

0 






-vj 

CD. 

ro 


-CX 

ro 

O 



ro 

00 

-vj 

03 












-Cx 

-Cx 

ro 


u 


co 


O 

0 




-vp 

o' 

vp 

O' 

'P 

vP 


—X 

c 






-vj 

CD 







3- 







O 







CD 

03 

-Cx 

03 

_JL 

O 


O 

ro 

03 

ro 

—A. 



^^ 

,_^ 

^ 

^ 



ro_ 

ro 

-Cx 

ro 



II 

j 

co 

ro 

co 

O 




•vP 

O' 

•vP 

o' 

'P 

o' 

•sO 

O' 


—X 







0 



- O 

&& 
CD 03 
CO “ 

CO* 3 
CO *D 

|I 

^ CD 

3 3 

5‘ ro 


CD O 

o* ro 

3 cx 

$ 03 

to 2 , 

cr 03 

ro 

3" 

CD 

CD 

3 

CL 

o 


ro 

CD 

CD 

3T 

CO 


CD 

03 


CD 

CO 

CD 


O 33 
O CD 
3 CL 

II 

CD O 

a. 3 

o 


o 1 — 

03 CD 
— CO 

a I* 

SL 

® O 

>i 

o ro 
3 

CD 03 
CD 


5 

CD_ 

< 

CD 

CD 

CD 

PC 

CO 


CD 

03 


5 3- 

CD ~CQ 
CD CL 3 

ro~ O ^ 

3* 3 § 

=: O =r 

ro g--< 

co ro 

® a o 

0 CD 
O co 

CO ® ® 

3 CD O' 
Q_ “■ O. 

CD *< < 

ro * S 

03 ~Q 
m ro 3" 

— 3 03 
CO o ^3 
3 CD 

O Q < 

^ - 3 - 
3 CD — 
Q. O. 
Q C CD 
3 =r. —• 
CD O 13 
—3 — 
O CO 3* 
==-CD 

1 — =r 

— ■CD CD 
eg 2. co 

o 3 
13 ro 

2 g 2- 

K |a 

cn — 

03 

ro^ o 

m ro' 


> 

o 

3 

CD 


CQ 

CD 

< 

CD 

3 

O* 

CD 

O 

o 


CD 

CL 


Q. 

CD* 


03 

rsi 

03 

O 

CD 

3 

CD 

O 


CQ 

ro_ 

03 

“O 

~o 

CD* 

CL 

O 

3 

O 


5 

O 


3 

< 

CD 

CD 

cr 

CL 

3 

CQ 

ro. 

S 

03 

*<" 

—* 

C/3* 

$ 

—x 

_ 

03 

ro 


CO 


CD 

o' 


ro 2 ^ 

g CD 

2. o 

ca 

CD ^p 
CL 

$ CQ 
CD 
3 

ro § 

£ « 

o 3 
o o 

“ s 
3 ro^ 

S’ CD 
=r. o 
o =r. 
3 < 

ro 

3" 

03 =r 


CD 

o 

^ P 

o 

eg S 

CD o^- 

■co’eg 

CD 2. 
CD “ 

> £ 

O £ 

< ^ 
m 3 - 
DO ro 

££ o 
o 
ID cn 
m 5 ? 
J> 

is 

»s 


CD 


































ATTACHMENT A (cont’d) 


Page 10 


TJ 

0 ) 

co 

CD 

CO 


“ o -u 

w a „ S rn 

=x „ ° ® O 

CD ZX — Q 3 J> 

w o*< rr c 
^ o ^ -l 

l«<> 6 

l^ig 

13 $ ^ D 

cd =; § > 

ryT < 03 
2§ Q 


^ cn o o o cr -n 

5-00 TO CD 
- D = D O) (D 

p 3 cn P- =T q CQ 

T ? : d 2’0 13 3 
CO i— CD SR —CO Q> 

O 3 CD =. 3 -D 2 

C I— p. 3 CD O «< 

So ^ 85 § o 

— CT -> >-o ci? 

CO ® ^3 2 m S'“ 

• ■ tn m * co fj) 

, CQ 


3D 


O 


® g. 3 - 
cd * rr 2 
Q_ —I _ — 
— =r P CL 
3 CD *< _ 
— CD O 
T3 W W 3 
W D- 

§ CD®Z 1 
2 .® 
®° 8 --g 

O Q - -B 
”» W O) 

03 CD Z3 w 
CD Q CL CL 

|3o 
3 F ~ 

O : 


CD 


1 CD 


0 > 


CD _ 

S’ O o 

03 O ^ 

^ 2 Q_ 

OO 03 

^3? W 
O ~i cn 

S" CD -n 
O *<; ~n 

Q. CD 3 

WO J 
c o 2 x 

=X o CD 
P c q 

n ^ *J 

8 .2 2 


cn 


CD 


h| 2 .= 3 

fig: 5^ 5 ' 

ro 3 1 ro < 
Jg-S £2-3 o 

~J> 9 *3 D. —i 

0 §"< W S m 

" 3 XI CD 


CD 


r < 

. cn 


sis 0 


03 


03 CD 
~0 03 

*< cn 


o -H 

?! 

o ZD 


cr 

CD 

CO 


- ° w s ^-o 

i- S-^lf-2 

3 c ® ro' = ro x 

W °-®-o -JO-' 

^ crc S >cd fn 
g»=l§N<ffl 
I 0.0 = g|o 

® S.-g - > = g 

3 3,2 

CD Q_ 3 2 o —I 

03 -r — —** ~n 
— - cn 


ri. 3 _ 

£ i>5 =•= CD 2 


==:> 


— 03 5 * 3 * cn 

CD ^ 2*0 - 

T3 ro cn CD CL o O 

®.SZo' CD > 

o ® £D —_. 2 . zd 

P- ® 2 - 5 ' =r 55 ’ O 

cn o cn CD ^ 

,tQ t-o 

*2 O 


“O 

3. 03. I 

S cn O 00 to 

2 CD § cn 03 3 

o 5 3 O-* 2 2. 


cn 

CD 


“Q. o' 


3 Si 
£"m o 3"9- 


3 

*o 

o 

3 

CD 

3_ 

cn 


> 

O 


Xz —> 3 " -H O —* Q. Q, —J 
^D) g D-O 0) 

=s8|=“p“-|.g 

o £• o- =r ® do 


- cn 


"CQ 


CD 
3 X 
CL'TD 

P Q 


cn 


jd O cn — | 


3 

CX 

o' 

03 

CD 

CL 


O 

i 

CD 

3 

CD 


o„ - i.-,ogS^ 

liai«53r 


__ Erzr 
cr 52. P*< 03 


s 

P*cn 


ed cn $ 


Q. 

<* 

CL 

c 

03_ 

cn 

$ 


03 

< 

CD 


O 

S 

3 

3" 

~TD 

CD 

cn 

CD 


o 

03 

3 


03_ 

*3 

CD 

o' 

CL 


P % CD - 3 (D 

§!!”» §p 

o 3 O o ^ __CO n 

§•3.2 § ® | S 

|®tr=I= §=*3 2 

f^>® o — cr° § o 3 

585®®3.'o=-.s 

CD ~+7£ _ O 

5 -gafto alo 2“ 3 
° O O • Q. ^ CD 

^ 5P 3 CT 3 


s. O 


cn 


giS.i-sS2l« 
5-3' 


„ "p 

CQ Z* 3 ' ^ 

-w B CQ — 2 

, - -^“Q CD -3“ 03 

_i —. O 03 "O CD O - 3 

JoiagE-og® 
N^tQ 3 ^ (D ^ o ? 

o 3 * Q 3 — - CD 3 Er 3 Z 

u -^“^=T-ro3 3 


03 


33 § < “ Z S' § CD 

^_ a cn nj o 11 

SE3?5 0® 

a cd _, p ^ cq o 

"*§ 3 

=>. o 

“O 


—»• 


CD ^ _*§ >°-g ® 3 


to . —f ^ 

03 o'o 8} cr o. 

*o 3 -* B- O CD 

^ ° "5 03 ^3-CD 

< CQ CD 03 —► ^—CQ 

3 - O CQ =- ^ O 

B-33^T O ^Q) 

O O 03 CD ^ CD 033 
^Q .3 ^ 55 * CL-O PT r- 
cn O o =- w - O 


_ . 3 c ® 0 CQ z; 

O o ^ CD cn 3 ^.^ 

Q “O CD CD ZT". 3 - 3 

q 5 'W o CO ~r o-» —. —- 


CD _ cn' cn* 


CQ 

cn 


3 3 
o 

3 03 

II 


CQ 

CD 

cn 


< x 
CD ^ 

cn O 

^.3 
® f. 

"i “ 

15- 

, O CD 

002 . 
<’*< 
CD ® CD 

ro >< 

ST ro ® 
^0)0. 


gw H 


3 CT> 
O £- M 

9T. O 

03 CD nn 

S 9> > 

3 O 


2 > 
cn 

O Q_ 

CD ^ Q 
3. B 3. 
03 3 

3 CD ^ 

" ^ ~o 

=* 03 2 
00 ro 

CD ~CQ 

®. B w 

CQ 3 3 
33 O 
^CQ^ 

2 03 O* 

3 3 0 
O CL ~ 

O >< O 

=i. 2S. O) 

^ CD - 

3- 3 ~ 

2 0 2 
CD 2 cn 


CD nj 

P 

2.3 

“ o 
CD cn 
03 o 

2 ^ 
03 03 

-o 2 
“ 2 o 
o'-o 

03 03 

o' 


CD 

2 

3 

CD 


ZD 

m 

> 

—1 

m 

o 

> 


s z: 

03 
O 
03* 

03 
O 
3 
CD 

3 

03 


cr 

CD 

CD 

cn 

cn 

CL 

c 

CD 


> 

r~ 

CD 


m ■ 

co 

> 


"D 

CO 

O 

3 

> 

CO 

CO 

; 

■ > 
im 

—1 

CO 


o 

ZD 

o 

m 

ZD 


ig 

cz 

CO 

m 

O 

2 : 


> 1 

o' 


■ ro 

: O 


^ 5' 2 8 J $ 

n. zr o n 
03 c o ^ 
o 3 cn CD CQ 

a, iSs< 

qj __ "O O 3 

=; T3 B CQ * 
CD cn O CD O 

® P CL =. 55 

o — 

__ CD'C 

^CQ 
-T- u o n 
- 1 - 03 • CD 

d 2 cn x 

O) ® w ro 'g 

cn Q_ CL §* 
COV _x-o B 
-<5 coo 2 
CO o- cn 2 

-1 ® 5 ■ r. 2 

£® 2-l.s 

°|3E| 
m^.-S = ® 
§ a- 

0 2.5-JB-5 

co —® 2 - ®. 

c~ O 03_ 0 


5S3S 

CD f<-» « 


CL ; 
03 


03 o 


o 

m 

> 

CO 


X 

m 

CO 

m 

o 

ZD 

> 


mo nr S 3 

“O CD cn CD 

s Ef si 

_l =r CD CD Q. 
7* CD 3 cn 2 

g|og^ 

[7 P en oj m 

ro § ^ cn 
.O® B) CD 
—I 'vO.—. O CD 

mo^C-, -* 

> z: o ® 3 

—I 2^ cr —, 

mS* 2 :®. 

ro ® 


CD CQ Q_ 

5 Bo 

3 M CD 

^ 2 o ^ 
££§:& 
o 5 erg- 

cd 2* o 2 

"O 3-0-03 
3^ 'C — 
03 cn _ 

3 - --(no 
2 C cn 
** co_ cn 

^ CD dE 

5 _ o o 

Q- 3 CD 03 

W&*iW 

03 CD CD P 
3. 3 03 

§ 8 g-3 

isfl 

03 03 7 --’ 

CD “ 03 _ 

W ^oo 

> ^ § CD 

H- 3 ' CL o’ 
3 - o c 

o ^ 3* O* 

- gC Q 2 

CD 03 CQ *■< 

^ cd 

3922 
--3 03 - 


ro 


o 2 o'' 
So 3 
- M 2 g-o^ 

3-5-00^ 

3 

~L C ^*CQ 

5T 2 2 o: 

r^J o 3 03 
OJtQ qv< 

O cn ^— 

ro"2. ^ 

3 3 —i '-J 

cd 03 00 cn 


cn —| 
=T 03 
cr m 

O 03 
O o 
03 CD 


oro « 

° § 

3 cn 

o 

cn o 
O Q 

3 =3 

^ CL 


ro*a 3 

^2 -i 

00 cn 

O CD - 5 

Q 3 —t CD 

z: * CO CD 
ex —I cr> __ 
O rx 3 
aroC'O 

< 3 

CO B 03 o 

c g CD § 

23 40 ^ 

113 3 03 "2 


03 O 


CD 


CD 


o 3 CL i> 

• 3 2 cn J=r 

P. CD CD 2 

0 “ FT® 
“3 ro < ST 
CD ^ CD 9 

i-2 S3 

°.o 

."O 


03 CD 
3 X 
CL~0 

p 8 

0 ^ 
P; cd 


OT) CD >0 
—r x >— —* 


cn 


3 0 

I S 

« c? 


_ 03 

03 O 

■aS g- ro o 
0 w CLro 

CD 


ET O 

M 03 


03 ^ =: 


C 03 

2 cn 


cr- — 


03- _ 

CD 


O CD 


CD -C^ * 


O S 


o o 
; cq 

CD 




a.i 

O 3 

W 3 

— cr 

“ 5 03 
03 CQ 

3 2 

03 3 


g-3 

O CD 

o cn 

03 
CD co 
cn 

03 


Q- 


CD 


03 

cn , 
cn — 
ro ^ 

CL 

—I CL 
03 

rsj P- 

03 3 

O O 

3 “P 
CD 


O 

CL 


03 O 
cn CD 


o 

CD „ 

“ o-rj. 
rog S 2 ^ 

03 ■*“ o CD 

■ '-b .2 

^ 3 c= 

~n co 03 

O ^9 

§.52 P* 

03 ' 

d. 03 _ 1 

O 

Up 

% ^ 

D) 5 w ’ 

-vj 1 —> 

ro.—. — 
_ —- 3 * 
3 CD m 

u? 3 « 

3* D3_ CD 
9- CD Q_ 

3 W O 

j— cn 
- 03 CD 

CD w 

03 ^ CD 

■a P 
2 cq 
03 ^ 


CD 

O < O 03 
w 0 P 1 — 

CD ^ 03 

5 pe 0-0 

3 r cn d.“0 

^ p- cS 2 

o ^ o o 
3 pr fo 3 
"o 0 cn cn 

9 cn 03 c 

CD CD 3 Q- 
CL < Q.^< 
_ CD — 


CD 


CD 
. OO 

-■ ro 

CD CQ ; 

o_r— 


. CD 
■ 03 
cn 
CD 


9 05 


—* 


itli 

CD Q3 CQ CD 

O ex B 

o =?• o? 9 . 
3 3 ^ P 
^ S' —“ 

a 5-2.2. 

23.gro 

3* CD 
1 ® ^ 
cn CD O < 

03 5~ 

P CD • CD 

2 P- 01 

m 

CD —J 3 

2 O^Q 

CD o 

CL Q3 CQ^ g 
O 12 P^ CD 

§ “ “ ~ 

J-O o 3 O ^ 


^ 03 

°l 

o 2 — 3 

% 3 3. 2_ 
cd 2 2 03 
wS2. ® = 

• o® = 

=133 

ro H‘® 

^ CD o 

S’ o o 

fNJ = 3 
03 o cn 

3 « £5. 

g CQ 2 

CD O c 


a|=I« 

o5roo°5 
cn rr =r. o' 

—1 03 o CQ “3 

CD CD — 3“ 3 

Q3 cn o cn O cr 

3 cn Z* Q 3 03 

i pg- = ro«S 

=■ ^ o §- 3 

3 3 CD 


cn 77 ; - cn — 


O o 

3 -5 LE o 
O z? 


00 

00 


cn 

cn 


o 
O 
3 
o 

9 — < 

2 o 03 

3“g. w 

- o a 

5 ® ® 

® o ® 

o 2 .g 

CD 
CX 
03 
3 
Q_ 

_ 

3 3- 

o® ® 

og 3 

f—^ —i 


2 3 '^ S i' w 
^22 Sa- 

o_ Z 05 — 

Q. o =r. 3 

O 03 O 3 

3" cn ~s 3 

2 9 ® 5'o 

cr S^^-cq p 

§.^p i 8 

^ 3 2 

g o p - 0 


cn 
p CD 
Q. 

o ^ — 

O 


=t-a ® « g zf 
“ 00 .- g® 
8 23 B 

Ld o o 03 — 

2 =r § p-^ 

CD CD 2. < o 
03 03 O CD — 

cd -*"' 1 ro 

_ CL „ 5 - Ol 

=3 "H t= o 3 
m o 

CD Z3. CD 7<r 

S a -3 z'e. 

— O 03 P- 58 

2 ex ^ 03 3 

2-o 3 cn"< q 

§=-.83ocd 
P CD CX P-. —, P 
3 03 CD 03 
rr = m rr- n 


=r. xi c 


^ CQ 


CD CQ 
CD q_ CD 

ro-5.5) 

p 3 
cn CQ 
O CD 


cn CD 

3 2 

O —* 
3 - cn 


cn 

O 
o 

3 g o 
CD 2 o 
t) aq 

S5 d-I 

03 CD 03 


o' P 
3 < - 

W O CD 
cn P- 


-O O CD 3 

03 o" ex 03 

“* rn * •—*- 


— ^ ^ _ O 

' o 

rca 


CD 

ex 


o 
, 3 

CQ 

CD 

3 


3 

o 


Q. ~0 “O 7*r —( 


i i 


5T* o 


“D 

03 

CD* 

3 

cn 

CO 

CD 

CD 

03 

£2 

03 


CD o 


. cn 3 i 


cn 


cn 

ex*; _ 

CD —. 
cr 40 
CD 03_ 

2 8 
^ 03 „ 
3 Q. O 
cn < 03 
CD M 

O 03 O 

—»* cr 3 

-H5T m 

j> 2 p 

M O P 

O =°- 

5 s 8 

>2 cn 

9 = 3 

2 03 CD 

—“o 2* 
w 2 8 

§" 9 p 1 

CQ 2 03 
3 cn— 

* £-1 

3 CD 


CD 

OL 

“O 

2 

CD* 

3 

~D 

03 

O' 

7*T 

03 

CQ 


cn 

CD 


NJ 2 
Op 
50 

O CD 


CD 

3 

CD 

cn 


o 

3 - 


03 

cn 


3 

CL 


O 

o 


3 

CQ 


~o 

2 

CD* 

3 

cn 

o 

cn 

3 * 

CQ 


Q_ 

O Q 

IF 

CD 

CX 2 


CD cn 

al 

CD 

t.a 

3 
o P 
2 cn 
, cn 

Jo 

i:"ro 

=1 ro 


rvj 


O CD O 

O 2 s 

ro 2 . ro — 

ro ro- 5 

3 - 


Si.“ ° o 


< = 0-5 
^ro ® ro 

"«■§-§ 
i;0 a 

ro 8 D- 
03 CD P 
3 3 03 

oL%% 

fvi* 3 


ex rr * =; 


3 

03 

cr 

CD 

3 

o 


cn 

cq 

CD_ 

cn cn 

P CD 
CD >< 

f^CD 

cn 

cn 

<* 

CD 


sr p 
3 

CD 
CX 


O 

03 


O 

3 


O 

cr 


cr 

CD 


rsj ri. 
CD 3 


cr p 2 

p,_. 9 

8 p p 
ceb a 

cn j < 

CD 

O 

5§;§ 

CD Q_ d. 

_CD O 

u cn 3 

o “ 

3 

03 2 3 - 

cn —t cd 

CD 03 
CX O -O 

^ Q> 
*0 2 =r- 

o =■ CD 
cn ^ 3 
cn cd — 

cn_ 

2“ cn 

3-* = 2 

^ c W 


p cn cd —icrcrocnm =: 

enS-^S > w cd Q3 c - — 

3 XJ t - =* cn —I 

"O ,=■• o 
-t CQ cn 
CD or- C 

O —-I 

03 cn CD 

1-0 ^ 

O ^ P 


(SJ 3' _ — -> U 
f-\CQ 5 ® Q) W 
y 03 W q CZ 
X z' _ _3 cn 
~r> —! 3 CD TD CD 
TP -fe. CD X cn 


cn ex ® 

o ro o 

— CD ^ 
8 P. CD 
8.8 ~ 
= ■0 8 
ro- ro. g 

I El 

8 - ro 
3 ro ro 

£2. c: ro 

II'S 

OS? 
“D ro" ro 
g- 3 TD 
® ro 52. 
S 3 8 

® ro 
cj>< 
WNX 

pop 

3-- ZD _ 
P 5> 3 

o S' 

03 -! CD 

3 s p 
o “ s 

® ^8 

CD CD CD 

1 g g. 

EX O —■ 

■ ® E 


ro .. 

9n^ 

s O S' ro 

C 5c - ° 

= ^ro ® = 


cn —^ 


— y CD cn CXCQ 

, s cn o" cr 

P Q_ P 

ex 


CD 


cn 


I p 


CD 


«^cr<cx 

^ oT 3 ro o 
o —■ ro 3 o_ 2 

o 9 3 —• p ^ 

< 2 p 3 ex 3 

S 3 i. F 


ex ^ zr* rvi B 

• X. 5. (D CD 


3 

CQ 


li 

CD 
3 
cn 


3 * CX cn 

i ro® 

3 O Q. 

§ -n?ro 

— 3 —. CD P- 


cn 

o 

CD 

-O 


. cn 


_ro 3 ' 
0 O UJ® roS 
_ c O o ~o 

I ttg _,^l 

_ ex rt’-'c p 

_J- CD -O W 3 

< O) Elo 
ro i-ro^ro 


p — 


X:. Er. y cn 
cn o-i 


■^i 


p cn < 
p CD CD 
3 Q_ 

— • 2 -Q 

ex q o qj 03 

CD o P d. P 

3 — 3 ; 5 ' ro 

CD O 


2~cq 2 =• 

$ 3 cn 

cn cr zr B cz 

cz cn cd p o 

3 CD 3 2 zr 


Q. 

3* 

CO 


ZD 

2 ro 

25 * 

o' O 

3 CL 

‘ cn 

cn 
3* 

o 
c_ 

Q- 


ro =- 


CT 

CD 

c 

cn 

CD 

ex 


2 ; o 


o> 
cn 

3 ^ 


nr 

CD 

3 

03 


o 

03 

cz 

cn 

CD 

cn 

CD 

< 

CD 



ATTACHMENT A (cont’d) 


Page 11 


o — 
O = 
2 3" 
05 C 

a 3 

i.» 

n' 3 

s. 3 

§'co 

- 03^ 

"o oT 
o/< 
o 


*D 

D) 

CO 

CD 


Q_ 

C 

o 

CD 


2.8 =' o > 
1 8 ETE?® g 
I 3. g- ® 3 ^ 
®CQ “-S-S 
o. _ a- — 

13 CD ■ —; 

CO C/) CD 
X" _lX1 —|-Q 
3* _ C ^ <“ 

0 o ro o 
9-.^q W 

Sol® 

o sS 6 - TO 

So- 3 ®S 

“ “crg-TO 

c w ® 


CD 


CD 

CL 

< 


2 sa 5 -d e 


O CD 
— CO 
< - 

2 S’ 

-CJ B 

o' 3 

o CD 
03 3 
= CD 
CD 

CQ P 

^ g 


03 

3 

Q_ 


CQ 

CD_ 

CO 

Q_ 

CL 

3 

O 


CD 

< 

CD 


3 CD 3 CD 

* ® I-8 

2.<P c _* 

^ 2 |-co 

C 3 3 o 

CLCQ 
CD ’ 

QLCL 

=-5 


3- 

2 & 

^ ° § 

=.-(o w-; 

a l - - s s 

o - 

- d cd2 

CO ^TZJ 
“ CD 


> 

M 

« O 

X-^D) 3 

-1§1'9 

03 113 CO s 

o 

3 I* 

55 _r^ 

co T? 
c 


05 

3 

: Q- 


s-^ 

CD 

CO CQ 
O CD 
CD — 

5 


CO c 3 5 
- 9° ~ CD 

CQ 3 

^2 3 

CD ^ 

Q_ CO 


O 

o 

® <-, = 

‘2d~ 

P CD CD 
Q- 


$ *0 =-^-05 O < —| 

TO®S2.= =.3 a §5 

-Ills Js®“ 

*LSaf §.§.&§• 

O 3 —► _Q 

®1® o~^^| 
5 TO SS-® § §.® - 

TOTO gO TOO g- 

w 3 or TO to =• 3. 

® O _ ^ XL D 3 _ „ 

CD 5; 3 -- Q-CQ (p CO CD 

^ TO 0,2 3 -‘g® 2. 

t o iJs Ls-g ® 

-* 3 =?~CO 2 CD 
CL 2 ° 3‘ ^ “O 
_ 3 -t(Q 3. ° 

3 O' 3 3- 


CO 

(CD 

- x‘ ro 

O < 


T3 3> 
8 ° 
5- m 
S2. S 
S m 
□0 
m 
> 
o 

O 

z 

CO 


cd ;§rocQ g_ 


2. o' o* 5- < 

“O 


Er ro co 
rj 2, os 

£> “ TO* 

Q_ O C= 

O < o 

3JCD ^ 

qS“ 8 -q---o | - 5 : 

00 ^2.85 §-“ 0 g 
Pi° ® I ® o oo 

£sri<Pi.® 

TO 5 _ TO c =.2.0 

: =;* q tJ a d -• 

rj sa 05 CD CD CQ 2 

> => cd Q- (-3 Hi o 

W 3- $ 9-. S —' CD* o 

ro 3 85 "o — 

^ CD CD *° P" S CO 

03 


CD CD ^ -P" O 9 " 

3 05 CL 3' —• 05 
^ 3 
Q_ 


_ 03 Q.g- 
*§ 22.2 8 - 
_ 2. 2 -Q co g- 

O —r- CL „ c " CD o 
—• CO * 


- =3* “■ Q. =7 _ 

O CO — =T 05 =; — 

i i§«' 

CQ &> 3 3: O' O* “‘g 

— —*■ CD ? P P (Q CO 


cd a> 
9: Q. 

od 5 * 

0 

-a 0 
ro «= 

§ 2 

CD CO 

S CD 
CD 

03 Q 3 
eg 3 
CD CL 

2. CD^ 

"< o 

CD *< 

“ O 
<0 ^ 

5T 

fNj 

05 

O 

CD 


05 

< 

CD 

3 

O 

cr 

CD 

CD 

3 

CD 

CO 

03 

or 


CD 

Q_ 


Its 2 z 

I' «® TO=‘ 

TO TO O q® 

3 Z 2:^1 

S3 a i'S 

O CD CQ 

03 cx A o 

— — CD 
C 3 03 S 
^ 3 - CD 9 > 
c CL o ^ 
3 3 Q3 

'TOgpO 
S = 2 <• 5 - 

iw~x* 

S“-2 

£> 3- Q. O* 
w CD CD 03. 

=r.o cd a 
2 ?? 2 . ° 
Q ^ 

- CD 


'-S 

CO 3. 
3- 3 
O CQ 

u 

cr 3 . 

CD =3 


^co 
3 ' o 

^o s 


03 

5F^ ^ 

^ Q 05 
CQ A 
—CQ O 

l-'I® 

CD 


CD 

X 

CD 


CD 


CD 3 3 w 
^0(0 ^ 

$ 3 - 

S’! a® 

3 |5^ 
o<®5- 
g|®o 

o S’ 

C_ TO 
Q. 03 


CD 


O 
3 2 

CD = 


rjo H>== 2 

5> o Q- 
TO ° 3 JS 


CD 

'3 


CD 
: co 


S-o ® 2.s ® « 

CQ CD p? Q 3 

3-S.Ig o* o* 

Oc 03 CO Q 


_=f. CT3 

CO CO CD CQ 


ID — 3 05 *T1 05 

>® cr 3 

05 CD O CD > g 

^ 2 . o cr 
2 0 2- B.‘ o • ■ 

(J1 ^ ^ T- -- 

=■ O 22. s A 0 

S I.® ro § H 
5 92.“ 2 9® 

" 3 . -3 Q_ 7 i 

$ F- -w^Q 3 CD Si 

3" >_ 3 O 

0^5 TO 2 ®»9 

CO 
3 

CD 3-2-0 2 ^ CD 
CQ o E- A Q o o 

5 - C - Q H 3 |? 

o.ao □ >■ CD 
c 03 M Q 

3 . cr~o 3 0^ 

= ® 3 -xa 

10 CQ 03 > _ 

03 O 3 ^ ^ 0 "D 

cr 03 ^ 3 " 

2 §• to ro” _f si<S 

3 TO L =; S' TO 
5i. a( D P C S 3 
— CO g co 2 O 

3s^ ro ro 3 '^< 
2 ^ dT 2, P-«Q 
^ 5 * i* 5* -fg o 

£= CQ jo 3- 2 £5 
05_ 1X3 m Ev Q Q CD 

■o < w Q-a 

2 o ® o* g “ J 

= • CD Q 3 CO ^ 
Q X- 92. =: CO 

P- co =r. o ~ 3* 

<. =? O X 

-o ^ c r? 

O' ^ CL 
o CL CD S' 

§ 03 Q> Q CD 

— < ~a co cd 

o 3 03 CD CD 


—4 , 

C£ ( 

CO 


0^3 3 
_». ° O CD 

- 3 2.3 
3 ro to Q. 

‘§=££1. 
CQ CL < 
o CD 
o —1 cr 
QJ 3 O 

^ Q- —-2 

__ 03 O^j 

o^c -o. g. 
o —• 
o-E 
— 05 2 
3 ?a w 

<e.gi. 2 . 
3 to =.-n 

-^3“ CO —** 

Q-_qi 

03 03 05 ^ 
O -- ~ 

■ p I 

o ' o CO 
3 —~ 
Q_ —I 3 
o> ^ £2. 
Me 

gSt 

^>CQ 
. O HD 

3 - ^ CO 
CD CQ e 
£ 2 . 2 
■ <* 
05 


CD 9 

1 | 
to S’ 
SS 


03 


3 

03 
X 

3' 

d 

2. 3 


o 

■*CD 

3 _ 

CD 05 


•P “8 


- CD CD 

Q_ Q 3 
O 03 - 
CO - < 

CD % 
CD CD 

2 S to 


C O Q. 2 
■a g ® o 

O =•■ TO =- 

p 12-0 

rt 3 o' 9. 

^“13 

g ?° m 
tp o 3 = 

Lem 

CQ CQ or. o 

^ =r 3 — 

O CQ —~ 
03 CQ CD 

'C CD 05 ^ 

to 3 -• 

P 2 

vlo CD 

“§ 3 o 

si2 


2 3 O 

cx> 

3 3 CD __ 
3 

3 5 * 3. a- 
3 =■ 


g-ET 05. 

!< “ <» QJ 


=!■- CO 
° < „ 
^ TO W 
CD % 

— CD 3 
O 03 

~E. cd 3 
8 CL ^- 
o' 0 

CO ~ 
CD ^ 3 

to ag 

05 — 
O *£z CO 

^ co 

>^.TO 
M o CD 

5? 0 Q 

> 3 £□ 

a|.s. 

CQ CQ O 
2-05 ^ 

o 3 
2, Q. O 


CO 

Q- o 
$ 3 

05 o 
CO ZD 

II 

03 ^2 
2§ 
eg «' 

is 

o zr 
— CD 

Q-n: 
q O 

s ~o 
S‘33 

o —i 

3 3 

§® 

co 3 
cd 3 

5 S. 

O 05 

O = 
3 O 
C CD 
O = 

® O 

® 5 


CO CL 

CQ 

CD 


CD 

3 


o 

3 

05 

CO 


2 ® 

3 co 3 r~ 
CD CO CD m 
a. ^ ^ m 

-* )> O #**N 

Q = 05 £7 

r— CD 

COCO Q 2 
>.05 3 

- 03 

S' CO 

o ro 

05 


CO 

CO 


O 

CO 

05 

-vj 

O 

CD 


ro 


co 

> 


o 

> 


CD 

Q. 

CD 

3 


CO 

oT 

•Q 

O 

3- 

9! 

CO 

Q_ 

co’ 

“O 

CD 

3 

CO 

3* 

CQ 


CD 

CO 

O 


O 

3 


03 — 

o 


P M 

8 g 

0 5 

T| > 

'r-O 


CQ 

CD 

CO 

3“ 

O 

e 

Q_ 

CT 

CD 

CO 

O 

CD 

CL 


ro 

cn 


O 

o 


CD 

X 

o 

c 

—t 

co 

o' 

Q 

~a 

CD 


CD 

CL 


O 

O 

CQ 

3 


CO 

o 

CQ 

3 


O O 

o o 


o 

o 


o 

o 


ro rv> 
co co 

1 t 

00 00 

co co 

CO CO 
cn cn 


> 

M 

O 

ID 

> 

O 


CD 

CD 


O o 
CO ui 


__LD 

®o 

1 S 

CD _ 

CO "ZL 

-CD 

Z3 NJ 

O 2 
g_ o 
Q 5 CD 
“D Q 

CO CD 

cr ~ 

®-g 

2 o’ 
e 05 

|c 2 

ig 

3L 

— CO 

c 

cr cd 
CD < 
05 D5 

—• ET 
cr 




—1 

O TO 

z 

Z 

> 

CQ 3 _ 

0 

O 

M 

3 ^ 

0 

O 

O 

ID 

> 

O 

~' 0 

03 O 

0 

0 

ro 

0 

0 

ro 

3 3 
CL O 
CD 
3 

co 

0 

0 

co 

0 

0 

—1 

e: 

G) 

0 Er 

CI5 CD 

CQ =. 
-1 O 

-r^ 

-r^ 

CD_ 

3 Q 

ro 

rp 


CO co 

_!a 

0 

O 

IL O 

0 

co 


CD -L 
CO 


o 

cn 


05 

3 

CL 


CO 


2:g >o 

-a g Ott 

o ^ ?)o 


*T3 

"D 


m 

o 


fV5 

CD CD 
CD 3 
X’ o 

CO — 


O® 

-g 

3 » 


W/ L— < 

O.'g.'g.TO 
CZ — r CD CD 


_* o 

CQ O 

8-5 

-3 CD 


0 z 

O S 

CD O 
CD 


' CD 


-Q 05 CO 05 J\3 
O) < C TOO) 

O O CO o 

lal=a1' B 
"-fsili- 

> Q.wc cq *2 
M O L5 w O' co* 
O =;■ e -rz: 

ID z. era, ro 

> 2 §•“ 3-0 
9 o’ g ® <^5. 


> 


O' 

05 or 05 
— CD _CQ 
3. CD 05 § 

O'® =? ‘ 

—« 05 : 

05 j-Ji; 

O CD 1 

Q Q cd £? 

2 CD < 

a j z 
05 “ CD 

2 <p^ 

L,o 3 * 

O® Q- 

9|® 

J«"D 
S 3-0 

gj 5*<- 

K ® W 

-05 

3 0 — 
<3 9; 
CD CD Z3 

CO _ 

CD =r 

2^-3 

tD D n 

a« ° 


> CO Q 


CO 

o 


2 3 


CD 


05 


^ _ 05 CD 

g-g^ 05 


3 o — ** r~) 
< 2 tQ TO 8 
to. o cr < 


o 

3 

;=r 1X1 
0 O 
DO 
D> 


- 05 


CD 


O 
—< 

o 


o 

CD 

05 

CL 

05 


CQ 

o3 o w O' o 

CD IT 10 0 — 

am ro 
m “52- — 

o 05 zr 

cProi!!. 

SI 8®®.^ 

r;E®to = S 

3o§§5® 

O CO 05 _ CD 

3 CD S;-0 03 ^ 
3" rn CD Q* —CD 
W 2 O O 3^ 3 

£2- “ 2_ O |tp 

o| 3 lo?„ 

zj q_ 3 2 = 

- -TO 5-0 

_P 3 

3. S TO 5 5 

tlijs 

FT = A qE os 

X CD ZD Z3 


o crJ 

03 CD 


o 

05 

o' 

CD 

CO 

o' 

Z5 

CO 


^*0 

3’ CD 
05 3 

=r: cd 

O -i 
05 


CO* 

CD 


O 

o 

cn 

> 

o 

m 


X > 2 : 

O U n 

CD TD ° 
CO =-. ^ 

co o ^ 

<* w o 
-® o' ^ 

05 Q z 

•U 
"O 


o 

3 

CO 


cn 

—I 

J3 

> 


3 

— - 05 

o < 

05 

S rj 

g i 

- CD 2 : 
1 TO " 

CL = ^ 

cr 05 

CD 3 

CL% 

CO o 
O J 

o ^ 

3 

=r: CD 
3 CD 
a — 

CD 3 

Q.CQ 


CQ 

O 


CQ 

3* 

CQ 


3 CT*=D 
CD CD sr 

ill 

03 3 S. 
-2 o'TO 
CD 3. 

P -8 

CO 

TO TO' 
=■> 
-8 ° 

Is 

Q CD 
05 


l> 

®8 
co LP 
cd 5 
-> 

2. ^ 

o' 2 

o 


05 g 

co 2- 


CO 3 

e o 

§ S 
o 5» 

3. 

< — 

CD 

O 

3 3 

CD - 

05 —• 

CO 2 

cC S 

—i CD 
CD C/5 

co =r. 

o 

CO Q 

g- O 
E .8 

Q- c 

cri« 
ro o 

Q. -r 

3 “a o °- 

=5. 05 _ 

3 ~ o 

ro ^ ro 

g.8-3 co 

^ O 3 05 

a) c 3 

fn O t> rr> 


o- rr 

co x 


^■S 


05 c 
CD CD CO g 

=■-0 9 

O 

2 O 

8.3 


-CQ 

S ro 
2 
CD o 

8 = 
CD O 
CO —•» 
CO 

< 3- 

S ro 
ro cq 

si 

05 

x- - 


CO 
CD 

CD R - 
~D 05 

ID — 

m E 

O ro 

>ro 

c= o 

Is 

o 

* J3 
> 
o 


3 

05 


o 

< 

m 

J3 

a 

o 

cn 

> 

0 


CD 

05 

CL 


3 

03 

x~ 

CD 

Q_ 

—\ 
CD 
CL 
3 
CD 
CO 
CO 

"O 

CD 

2 

3 * 

CQ 



ATTACHMENT A (cont’d) 


Page 12 


-< 

o 


CXJ 


CD 




co —l 

S > 
3-M 
cq' O 
ZD 
> 
O 


ro> o 
-~o 


> 

s o 

8 ® §.§ 

® 3> 

“ O 


^ ®3 go 5 


O co o 


O CD CD 


3 2 


CO 

zr 

o 

c: 

CL 


=3 

O 


cr 

CD 


CO 

CD 

Q. 


o 


CD 

CD 


CD 

CD 


CO 

CD 

3 

CO 


ro o 

CD 

^ O 

crrsi o co 

CD CD O IT 

o 3 go 

—t QJ Q- 

® ~Ea 

i.Sijlg 

—15' ® 

>' —jc: 

>cr ZD — 

z!© 02 

• s £ 

£ 3 < 

□ O CD 
cr*< co 
c o *z 

=} CD =3 
- CCT 
v^COC 

o o 3 

c CO¬ 
CO ® CD 

g-SS 

i_© I 

CD 


o" FT o’—* 
w o n> (D ^ S ^ ^ 

- 8 §^£ So §*go g 

> 

o o-o o 
g ©CQ 2 


CD 


CO v 


— S. 2. — 

Q_ CD c/5 CD CD ^ 

“-co £-Q_E.tQ O 

— lO —. m —t 


co o 

o 3 

c m 

O. -< 
O- O 


g-© 

CD 

o3 g X) 
CD® > 
cr O 


CD 

CD 


J 3 2 

’ 2? CO CO CO 


o 

: Q_ 
Q_ 


cr 

^ zr 

g a » g 

=? " , -o o 

^i.a w 

OC Q CD CD 

2 2 TE.O oZ * 3 S' 
=r ST^g-t/)® 

8 

Isfjs”? 

CD OT3 =t;*-=5: 
O P ~ — 


CO 


zr X 


SI t/5 


co~° s 

CD ~ 

< O O 

% 10 "S 

o ^«Q 
go® 


o 

o 


co cr co 
O O _ 
ZJ 0-0 
CD v < JO 
CD 
CO Q_ 


O —|C 

g > OS 
©Nm 

=3 .0 co 

=> 3D 
CQ > 

= O 

t 

-I 

O O 

\0 cn 

o ^ 

“*XQ 

cr cd 

o — 

^-CO- 


CD 






O 

O 

*< 

© 

cq cr 

s. 

0 

-H 

> 

—1 

3" 

O 

0 

c 

© 

CO 

CD 

®*< 

S-q 

0 

rsi 

O 

© 

© 

O 

3* 

© 

© 

. m" 

3 

ZD 

O 

-O 

< 

© 

_ q_CQ 

> 

<" 

zr 

© 

Q_ 

3- 

3 

O 

— t 

© 

© 

© 

3; 


© 

0 

2 

3* 

CQ 

3. 

3 

in' 

> CD —1 

ao 

<* 

©_ 

—1 
© 

°^Q 

CD 

X 

© 

m 

Q_ 

co 

c 

© 


_ 

O 

©‘ 


© 



— —; o 


3 3 


=^3 

CD 

o — 
CD 2 
CD 

CD _ 


co cr 
cr co 
= 1 ,cd 

CD CL 

O_ 

CD U 


=t£bq 8 
§ ® 8 $ 2 - 
CD 


CD g^E. 
- CD -J 


CD 


_ CO 

§ 5T 
3 o =1 * * CX 
“X CT CD 
CD O 


CD 


CD 


CD 


co ^o o 

o E.D3“ q S-S 3 

g cd >< 2*5 2 

5 S ' 0 ™ rV 

^ —5° CD 


O CD 
CD jd 


® 3 3 §J| 

CD CD O — 

—\ —I U 


Q_ — 


=•- Q>. CD 


■D 

D> 

CQ 

CD 


< 

CD 


c s-a 




=r._CD 


CD 


3 ^ o 

JD CD O 

_.S o 


CO 


CO 


23 

CD O 


o 

o 

< 

CD 


< O CQ CD 

zz _ *o 

"< c=: Otzj 


CD ^ 

W M 

CD O 
^ J3 

29 

5’^ 
o 3 

_ o 

o n 


CD 

CD 


CD 

CL 


CD 


CO 


- Z3 

CD CO 

CQ 3 

8 a 

CD 
CD Q. 

3 CD 
O =J 
E Q- 


CD 

CO 

CO 


C_CQ O 

~ 3 3 


o CD 
!="< 


CD 


CQ 

CO 


- ~o 
o CD 
rro o 

CD 0^3 

w E © 


w Q 
O O 


cr 

CD 

ZJ 

Q_ 

CD 

CQ 

CD 

CO 


| ® 

CD CD 

Q__ 

o' 

23 


— • o 


ZJ CD 

^ o 


CD 


O 


CD CD 
3 3 


CD 


Q_ CO 


CQ 


O 

3 


_.CQ O 


i .8 


CD 

CD 


3 

CD 


co cr 2 
-^4^0 


CD 


3 ' CO 
"O CD 


SJ o^< 


2 CD 5 P 


»a§pa £ 


CD 


5 


2“D § 0 S_E_ 
g-o S“g |o 

CD CD_ CO j- 
O S CO ^ - 

ll.® § 3 —5 
“o 2 


^ CD 

=rp: 
8 ® 


2 

ST 


3 — 
© » 
3“ 


© 


o; 

© 

~o 

© 


_Q 

cr 

© 


CO 

O 


“O 

CO 

o 


© ^. 


Q. jd 
t CO 

o co' 


© 

CO 

CO 



5-> © S° © 



-H 03 

2 m 


co cr cr 
© co cr ~P» 

i.8.3.8 


5 ® w'g- 
^'3 5 tQ 

5--CDCQ 

S2.e-.5rH 

§S*P^i 

o|-ig 

o => zr 

2 00 o 

in 


co — 

3 KS 
og 

ZD 

!>c: 

O co 


o_ zr 
co**< 

O o 
o cr 


o OD 

-S^ 


CQ 


© 


© 

S © 

© 

zr o 


cr 
© 
o 
o 
_3 

CO © 


3 
. £Z 
© 


_ © 
§3 


£Z “O 
CO 
©, 


© 
CQ 
© 3 

S 03 

cl n> 


o _ zr 


CQ O 


© ^ 

»S:2 

1® 

® _ m 

®. a _i 

S2.S 3 

o=-. CO 

x § 2 
-3 u> 3D 

t§ g 


o 


< < 
o o 
cr cr 


© 


© — 
_ cr 
© © 
PC 


© 

< 

© 


© 


CQ 

< 


CO 

cr 

o~ 


© 

©_ 
© z; 

pc 03 

o. 


© 

3 


© 

o 


o 

o 


2 © 


© 


2 "o 


O 


3 

> 

© 


~;=r Q 


_ - o 

5 CO 

© o 


- CQ 


=r © 


CO © 

=3 


©s 

o CO o 
E o* 

CD O CD 

zr 

~o © © 
o 3 _ 

< CD CD 
n C/) 0 

8 -g 5- 

_O CQ 


^ O 

3 " 

5 C 
© P" 


Q.rj 
o > 
O fsj 

o o 

^ ZD 
> 
O 


© ~o 


o 

o -j 


~o 

~a_ 

© 

3 

ro 


P: CQ 


?S' P =; 


< 

© 


Q_ © 

o o- 
3 2 
P o 


o o 


© 


© 


o 


© © 
3_ 


cr 

3 

Q. 

© 


co 

cr 

3 

© 

X 

“O 

o 

CO 

cr 


© 

Q. 


© 

“O 


© 

o 

N 

© 

3 

© 


o 

CL 


CO 


© 


2 

o' 


3 

© 

PT 

© 


Sg 


o 

a 

CL 


2 co 

O 

3 3 


2 ■ 

© _ 
3 >■ 
Q. CO 
* PT 


O 

cr 


in 


0 

O" 

&> 

^ 








'C 

0 

O 

O 

cr 

cr 

cz 

© 

© 

© 




© 

© 

© 

© 


-0 



—X 

© 

© 

© 

—1 

© 

CQ 

CQ 

CO 

3 

o' 

1 

© 

j - 1 

© 

© 

CL 

3 

O 

© 

O 

3 

3' 

CQ 

© 

3* 


© 

CQ 


O 



O 

© 


3 

Ql 


m 

©* 


CL 

3 


© 

CO 





ZJ 

3* 


CQ 

3; 


cr 

ro 

co : 


0 

3 

© 


0 

3 

CL 


3* 

o' 


CQ 

3* 

CD 


“O 

CD 



CQ 



3 



© 



3 


° § 
^ m 

O -< 

2 O 
o CZ 


CQ 


© 


CO ^ 
^-.CD 
3 © 


S'© 


Kf> 

m 


© © 
X 


*H o --** 
>©^ 
nE o 
Oo c 

3P =T 

>. a> 

OE ^ 


r 2 < 
© o 


zS ''-hCO © 


CD 


c 3 

SJ © 


© © 


o 

o 


3 O 

cq rr 


—I© 
5 > co 

§1 

. 2 o_ 

Q_ 


O 
Q- O 
© 3 
CO CO 

3. P“ 

crS 

© CD 

Q-ar 

© 

© 

O" to 
© 


o -< 
o 

u^-o.'cn^ 
^ ^ c O 

o 2© ^*2 
o ro 2 cq ^ 

° S’® "" 

© 

3* 

CQ 


CO 

: © © 

t Q_~o 
© © z; 
X o 

1 S O 

- CD <* 
'CD ^ ^ 


© 
CD , 
Q_; 


© 2 —| 

=3 © M 
CQ © o 

gs| 

ol§ 

2 CO CO 

_, © rr 

3 3 0 
© co cr 
E|:a 

o <. 

©^3 
’ O 


© 
X 
co ~o 
zr o 
o co 


> cr o 
S:© © pf 

-13“ 
i>cr 


o 

3 

co 


° cr 
co © 
c _ 


3 

© 


Q_ CD 

Q- 


© 


© 


Od 


in 

in 


cr 

© 


3' 

CQ 

— GO 
CQ © 

zr Q- 

© 

3 _ 

3 

—*. 

Q. 


CO 

Eo 

. cr 

0 cr 

L 3 
© 

3 q 

iq 

CD 


3 

o 


© 


© o 

X 

© o 

P. o 
q cr 

©-Q 

Q. © 


farg® 

ro 


O 

C © 


8 » 


_ — CO 

- ' Z3 

- 


CQ z±. 


O 

3 © 
rTD 

ZT-p_ 
© < 


3 

© 

Q_ 

©‘ 

CD 


Q_ 

^5 


© 


CL 
< 

to o 
CD 2- 
Q.CL 


~© 

-< 


T3 3 
ZTCQ 


CL 

O 

O 


O 


CQ 

O 

O 


3-0 

-* JD 
3- 

I-1 

© 


s i 

-< 2 : 


CO O 

oS 1 
© © 
3 ^ 

—-CL 


CQ 


zr 5 “ h= 

g 3 O CO 
co-o E_ ~D 

CD GO CL Tl 


^CQ 

c ^ 
© 

3 


© 


ATTACHMENT A (cont’d) 


Page 13 


"D 

ID 

CO 

CD 



zj*< < 

CDO< 
CD IZ £ 
Q_ CO 


o n>v< 

o 


CD 


CD -O o 
Wg CO 


-Z!. QJ 

~ id ^ 

O CO CD 
=£ co —» 


CD 

—to 


CD 5' 

CQ CQ 
CD 


-> 


o 

05 O 

—i 

Q_ C 

s 

o 

“ 

o CD 

CL 


O 

^ CD 


_CO 

Z3 


O 

CD < 


< < 

. » 

CD O 5 


CO 

^*zx 

| 


o 

eTo 

3 = 

05 . 


TXT 

CD 



CD 


^J© ^ 

zj' 


> 


to 
CD tO 
CL ^ 


CD 


COCQ 

>9> 


® m 

°o 

o 2 


ID 


CD 

ro 

05 


ro 


c= 

CO 

> 


_ 05 —I 
cd 05 rr 
cd § cd 
-O 

S-cog- 

S <o 

® CD =3 

ro id 

ZJ — 

OOQ.-U 

S ^ CO 

o>o 

—J CD m 

ro 3 co 

CO- -T1 

^ CO o 

05 r— r— 

CD =:§ 


O 11 

3 -< 
O 
c= 


= : 
cd" 


. -< 

CQ O 

CD ZC 


> 

< 

m 


croc 

^ > 
o <- 

= m 


g- o 


m 

co 


»g 

§m 

gen 


- CD CL 
O , id 


C 

=3 

CD 


CO i±Z 

o Q 5‘ 

=> -°p 
TJ " ’ 
o 
z^ 

ID 
ZJ 
CL 


o 

CO 


CD 


> 

CD 

O 


co O 

OD CO 
oo w 

cd 

O 


CD 

CO 

-vJ 


O 

Ql- k 
C O 
• ZD 


o-^o 2 : 
om^52 

oo 5 '5 

^5? c 

‘PoSo 

OO 4 CD rd 

-ftg z 

'r-®-C/5C/> 
too-n 
o S O 
EL— 30 
a_~c: 
cr^*CO 

to m 

w dj > 

CD JD U 

^cd n; 


CD —1 

ST a> 
Si co 
05 ’91 
^X CD 
CD vZr 

==-o 

-3 ~-K 

"Cd cr 
CO CO 

o cd 


£*o"o 
— ^-q- 
o 


O 

o 


ID 

< 

CD 

ID 

CO 


ID’ 

co 

co’ 

o 


cr 

jz 


CL 

O 


=X 

ID 

Z3 


CL * 

CD ^ 

<: 

< ro 
cd ro 
ex co 

ID 4s] 


u 

CO 

O 

3 

> 

CO 

CO 




> 

M 

O 

JO 

> 

o 


CXI 


o 


O 


CD L_ 


N> 

O 


l CD 


P CO 
-O ^ 


O 

m 


3 

ID 


"vl 

CD 

CO 

05 


“< 

o 


CD 

oa 


id 

< 

ID 


ID 


ID 

Q~ 

CD 


O 

o 

3 


? ■ ’ 
o CD 

/S 
CD 

5? g®. 

§ §■§• 

CO CD CD 

o 3 — 

= o*§. 
■a B) — 
CD =>*<■ 

3 o o 
=5-"- o 
m —, c» 
2.® g 

£15 Q- 
o 


ex 

o 


CO 

c: 

§■ 

8 


ID 


CD 

ID 


ex 

ID 

CO 


CD 5 

o „ 

?ii§t 

' "Bi-g 

Q_ —- CO 
o ^ rsi CD 

aS® 

O “ co -H 
co J> 

Q INJ 

R f-S : 

£U ID CD 

£ 3ea O 

co — j —( 

CD Q-™ 2 

CD ^ 

°-£-lF — 

M 

Ex 1 § Q.'g 

CD =-CD g 
CD CO C- 
—-co - 

q ® g 

CD O 00 
D) C 

p cd 9 L 
Q-g 3 

-a _ 

O Q_0 ID 

W.2%£ 

— co - 

*<cS o- 
eg 

£13 r=:co 
>r a -r 

E. 

3tQ o ^ -c 

O cr-g ° - 


CO CD 

Q X 

Q_“0 

CQ*o 


CD 


-< 
" O 


CO 


o§i 


CD tQ CL 

-a rj c= 

CD 3>CO 
Q.NJCD 

?O w 

o 

CD 5> ^ 

O 00 


o 

o 

Q 

CO 


o 


• CD 
CD 


’ CO 
O 


y> 

M 

o 

aa 

> 

o 


cl aa co 
2 

CD o 3 

cr cd =■ 

CD" 3-3. 

3.3 


CO 

§ tt3 


ro ro an 
O o 11 

Q C O 


< 

o 

c 


CO —JL 
n CJl 


C W tu 
CD 

CD 3.0 

CO ID ID 
W3C 

-0-0 CD 

CO 2, 

o w ^ 

o* o" g 

CD C ^ 

Q-o.ro 
& a - ro 

g 5 ® s. 

ro < o- 

ro o q 

< cl 3 

CC 3 CO 
2-0 
CLQ CD 

o 3 =x. 

o' m" 2! 

—* CD 

CL ^ C 

c" CD 
=; x 

CQ CD 
CO 


o ^ 00 
M =£. 

ro ro 5 ' 
3 OO 

ID 23 qJ 
ZX* CO 

“S’! 


O CL 


CD C 

o CO 2 

5 ® O- 

CD “H CD 

S-Ng 

•^§ 


-iCD 

So 

f- M 

2.J 

-£1> 


o 

cz 


o 

c 

CO 

cl£_ 
o ^ 

op 

o " 


ID 


ID 

< 

CD 


e3 

o 


0 o b. 


ID 

O 


CXI 


_CD 


CX 

CD 

CD 

Zj 


_* ZJ 

CO O t 
CD 0.0 O 

ro.§8 


CD 

O 

O 


CD 


—c CO CD j-j- 

cd co y* CD 


CD 

Q- 


— 2" CD 
—^CD =5 

Q ~0 "O 

CD CD 2 
ZJ O CD 
CD 05 S 

CO X<- 
§ O CD 

9?.^ o 

^•=^2 
CD ^ p" 

—k O O’ 
O CZ CQ 


ID 

CO 


CD CD 
O 


CZ 
CO 
CD CO 


—F2 

3T 

§3* 

ZDo 

Oo. 




ro 3 - 
ro cd 
o*< 

§3 

fB 

Z3 O 
CD ID 
CL CZ 
. CO 

zr cd 
2co 
CD 

< < 

O CD 


ID CD 

9.3 

Q_ CD 
CD Q_ 

2 o' 

£15 ID 


< o* 

CQ — 3 

£c 

CO p. 

O CD 
^ CO 
— 1 CO 

2^: 
CD O 
ID CZ 

**L ID 


O CD 
CZ _ 


Q-3 

O £15 


CO* 


ID ^ 

S CD 

2 < 

2 CD 

ID — 1 3 
CO CQ CD 

5Sff 
§■=8' 
a° “ 

'* u £15 

ID *-< ^ 

3 °^= 

® ro o 

£15 CZ 
CO CD_ 

< w c 

o CD co 

Q * <° 


CO 


3*< 

ID 


£15 O 

3 ^ 




cr 

Q CD 

CDT3 


CD 

— CO 

o 


2. S' 

Q. 

-a 03 

g-o 

2 o 

=? ? 


CD CD 
CL O 
ZJ o 
CD 3 
co 3 
co 3 
“ CD 
“a =3 
CD Q_ 
CD CD 
=:q_ 


CQ $ 
O = 

o-2 


o_ 

O CD 

I- 

3-0 

I 3 

*< o 

o CD 
O _ 

o 3 

' Q. 


cr 

CD 

z=t 

CD 


CD 

CO 

CZ 


CO 


ID 

ZJ 

CL 


3 

ID 


CD 

Q_ 


CD 


o 

o 


II 

CD r- 


> 

M 

o 

ZD 

> 

o 


2 

05 


CD 


CD 


CD 

X 

“O 


CD 


O 

ZJ 


CL 

CD 

CD 


O 

c 


Cl 

o 


CD 


cr 

o 


O 

3 


CO 

CD 

05 


ATTACHMENT B 


Page 14 


United States Patent [19] 

Chandraratna 


ii 

US005089509A 

[ll] Patent Number: 

[45] Date of Patent: 


5,089,509 

Feb. 18, 1992 


[54] DISUBSTITUTED ACETYLENES BEARING 
HETEROAROMATIC AND 
HETEROBICYCLIC GROUPS HAVING 
RETINOID LIKE ACTIVITY 


[75] 

Inventor: 

Roshantha A. S. Chandraratna, El 
Toro, Calif. 

[73] 

Assignee: 

Allergan, Inc., Irvine, Calif. 

[21] 

Appl. No.: 

326,191 

[22] 

Filed: 

Mar. 20, 1989 


Related US. Application Data 

[63] Continuation-in-part of Ser. No. 246.037, Sep. 15, 1988, 
abandoned. 


[51] Int. Cl. 3 . A61K 31/335; A61K 31/38; 

C07D 413/06; C07D 413/12 

[52] US. a. 514/337; 514/247; 


514/269; 514/255; 514/432; 514/444; 514/456; 
514/461; 514/863; 544/238; 544/333; 544/376; 
549/13; 549/23; 549/60; 549/398; 549/425; 
549/426; 549/427; 546/269; 546/274 

[58] Field of Search . 546/269, 274; 514/337, 

514/863 . 

[56] References Cited 

TJ.S. PATENT DOCUMENTS 


4,307,108 12/1981 Belletire et al. 546/269 

4,739,098 4/1988 Chandraratna . 580/8 

4,810,804 3/1989 Chandraratna . 514/311 

4,895,868' 1/1990 Chandraratna . 514/432 


FOREIGN PATENT DOCUMENTS 

133795 1/1985 European Pat. Off. . 

176034 4/1986 European Pat. Off. . 

OTHER PUBLICATIONS 

/. Med. Chem .. 1987, vol. 30, No. 8, pp. 1474-1482, 
Spruce et al. 

J. Med ' Chem ., 1984, vol. 27, pp. 1516-1531 ..Dawson et 
al. 

Primary Examiner —Johann Richter 

Attorney, Agent , or Firm —Gabor L. Szekeres; Martin A. 

Voet; Robert J. Baran 

[57] ABSTRACT 

Retinoid-like activity is exhibited by compounds of the 
formula 



where X is S, O, or NR' where R' is hydrogen or lower 
alkyl; R is hydrogen or lower alkyl; A is pyridyl, thi¬ 
enyl, furyl, pyridazinyl, pyrimidinyl or pyrazinyl; n is 
0-2; and B is H, —COOH or a pharmaceutically accept¬ 
able salt, ester or amide thereof, —CHjOH or an ether 
or ester derivative, or —CHO or an acetal derivative, or 
—CORj or a ketal derivative where K\ * is 
—(CH 2 )mCH 3 where m is 0-4, or a pharmaceutically 
acceptable salt thereof. 

19 Claims, No Drawings 
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DISUBSmUTED ACETYLENES BEARING 
HETEROAROMATIC AND HETEROBICYCLIC 
GROUPS HAVING RETINOID LIKE ACTIVITY 


This is a continuation-in-part of pending U.S. applica¬ 
tion Ser. No. 07/246,037 filed Sept. 15, 1988 now aban¬ 
doned. 


BACKGROUND 

This invention relates to novel compounds having 
retinoid-like activity. More specifically, the invention 
relates to compounds having an ethynylheteroaromatic 
acid portion and a second portion which is a tetrahy- 
droquinolinyl, thiocromanyl, or chromanyl group. The 
acid function may also be converted to an alcohol, alde¬ 
hyde or ketone or derivatives thereof, or may be re¬ 
duced to —CHj. 


RELATED ART 



II 


where X' is a halogen, preferably I; n and A are the 
10 same as defined above; and B is H, or a protected acid, 
alcohol, aldehyde or ketone, giving the corresponding 
compound of formula I; or to the process of making a 
compound of formula I which consists of reacting a zinc 
salt of formula IV with a compound of formula III in 
15 the presence of Pd(PQ 3>4 (Q is phenyl) or a similar 
complex, 


20 


ZnCl 


IV 


Carboxylic acid derivatives useful for inhibiting the 
degeneration of cartilage of the general formula 4-(2- 
(4,4-dimethyl-6-X)-2-methylvinyl)benzoic acid where 
X is tetrahydroquinolinyl, chromanyl or thiochromanyl 25 
are disclosed in European Patent Application 0133795 
published Jan. 9, 1985. See also European Patent Appli¬ 
cation 176034A published Apr. 2, 1986 where tetrahy- 
dronaphthalene compounds having an ethynylbenzoic ^ 
acid group are disclosed. 

SUMMARY OF THE INVENTION 
This invention covers compounds of formula I 

35 



wherein X is S, O, or ^JR' where R' is hydrogen or 
lower alkyl; R is hydrogen or lower alkyl; A is pyridi- 
nyl, thienyl, furyl, pyridazinyl, pyrimidinyl or pyrazi- 
nyl; n is 0-2; and B is H, —COOH or a pharmaceuti- 45 
cally acceptable salt, ester or amide thereof, —CH 2 OH 
or an ether or ester derivative, or —CHO or an acetal 
derivative, or —CORi or a ketal derivative where R\ is 
—(CH 2 ) m CH 3 where m is 0-4. 

In a second aspect, this invention relates to the use of 50 
the compounds of formula I for treating dermatoses, 
such as acne, Darier’s disease, psoriasis, icthyosis, ec¬ 
zema, atopic dermatitis and epithelial cancers. These 
compounds are also useful in the treatment of arthritic 
diseases and other immunological disorders (e.g., lupus ^ 
erythematosus), in promoting wound healing, in treat¬ 
ing dry eye syndrome and in reversing the effects of sun 
damage to skin. 

This invention also relates to a pharmaceutical formu- ^ 
lation comprising a compound of formula I in admixture 
with a pharmaceutically acceptable excipient. 

In another aspect, this invention relates to the process 
for making a compound of formula I which process 
comprises reacting a compound of formula II with a 65 
compound of formula III in the presence of cuprous 
iodide and Pd(PQ3)2Ch or a similar complex where the 
two formulas are represented by graphics II and III 


x R 

giving the corresponding compound of formula I; or 
homologating a compound of the formula 



where 

n is 0-1 to give an acid of formula I; or 
converting an acid of formula I to a salt; or 
forming an acid addition salt; 
converting an acid of formula I to an ester; or 
converting an acid of formula I to an amide; or 
reducing an acid of formula I to an alcohol or alde¬ 
hyde; or 

converting an alcohol of formula I to an ether or 
ester; or 

oxidizing an alcohol of formula I to an aldehyde; or 
converting an aldehyde of formula I to an acetal; or 
converting a ketone of formula I to a ketal. 

GENERAL EMBODIMENTS 
Definitions 

The term “ester” as used here refers to and covers 
any compound falling within the definition of that term 
as classically used in organic chemistry. Where A is 
—COOH, this term covers the products derived from 
treatment of this function with alcohols. Where the 
ester is derived from compounds where A is —CH 2 OH, 
this term covers compounds of the formula —CH- 
2 OOCR where R is any substituted or unsubstituted 
aliphatic, aromatic or aliphatic-aromatic group. 

Preferred esters are derived from the saturated ali¬ 
phatic alcohols or acids of ten or fewer carbon atoms or 
the cyclic or saturated aliphatic cyclic alcohols and 
acids of 5 to 10 carbon atoms. Particularly preferred 
aliphatic esters are those derived from lower alkyl acids 
and alcohols. Here, and where ever else used, lower 
alkyl means having 1-6 carbon atoms. Also preferred 
are the phenyl or lower alkylphenyl esters. 

Amide has the meaning classically accorded that 
term in organic chemistry. In this instance it includes 
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the unsubstituted amides and all aliphatic and aromatic The compounds of this invention may be adminis- 


mono- and di-substituted amides. Preferred amides are 
the mono- and di-substituted amides derived from the 
saturated aliphatic radicals of ten or fewer carbon atoms 
or the cyclic or saturated aliphatic-cyclic radicals of 5 5 
to 10 carbon atoms. Particularly preferred amides are 
those derived from lower alkyl amines. Also preferred 
are mono- and di-substituted amides derived from the 
phenyl or lower alkylphenyl amines. Unsubstituted 
amides are also preferred. 10 

Acetals and ketals includes the radicals of the formula 
—CK where K is (—OR> 2 . Here, R is lower alkyl. Also, 

K may be —ORiO— where K\ is lower alkyl of 2-5 
carbon atoms, straight chain or branched. 

A pharmaceutically acceptable salt may be prepared * 
for any compound of this invention having a functional¬ 
ity capable of forming such salt, for example an acid 
amine functionality. A pharmaceutically acceptable salt 
may be any salt which retains the activity of the parent 
compound and does not impart any deleterious or unto¬ 
ward effect on the subject to which it is administered 
and in the context in which it is administered. 

Such a salt may be derived from any organic or inor¬ 
ganic acid or base. The salt may be a mono or polyva- 
lent ion. Of particular interest where the acid function is 
concerned are the inorganic ions, sodium, potassium 
calcium, and magnesium. Organic amine salts may be 
made with amines, particularly ammonium salts such as 
mono-, di- and trialkyl amines or ethanol amines. Salts 
may also be formed with caffeine, tromethamine and 
similar molecules. Where there is a nitrogen sufficiently 
basic as to be capable of forming acid addition salts, 
such may be formed with any inorganic or organic acids 
or alkylating agent such as methyl iodide. Preferred 35 
salts are those formed with inorganic acids such as hy¬ 
drochloric aci3, sulfuric acid or phosphoric acid. Any 
of a number of simple organic acids such as a mono-, di- 
or tri-acid may also be used. 

The preferred compounds of this invention are those 40 
where the ethynyl group and the B group are attached 
to the 2 and ypositions respectively of a pyridine ring 
(the 6 and 3 positions in the nicotinic acid nomenclature 
being equivalent to the 2/5 designation in the pyridine 
nomenclature) or the 5 and 2 positions respectively of a 45 
thiophene group respectively; n is 0; and B is —COOH, 
an alkali metal salt or organic amine salt, or a lower 
alkyl ester, or —CH 2 OH and the lower alkyl esters and 
ethers thereof, or —CHO and acetal derivatives 


tered systemically or topically, depending on such con¬ 
siderations as the condition to be treated, need for site- 
specific treatment, quantity of drug to be administered, 
and similar considerations. 

In the treatment of dermatoses, it will generally be 
preferred to administer the drug topically, though in 
certain cases such as treatment of severe cystic acne, 
oral administration may also be used. Any common 
topical formulation such as a solution, suspension, gel, 
ointment, or salve and the like may be used. Preparation 
of such topical formulations are well described in the an 
of pharmaceutical formulations as exemplified, for ex¬ 
ample, Remington's Pharmaceutical Science , Edition 17, 
Mack Publishing Company, Easton, Pa. For topical 
application, these compounds could also be adminis¬ 
tered as a powder or spray, particularly in aerosol form. 

If the drug is to be administered systemically, it may 
be confected as a powder, pill, tablet or the like, or as a 
syrup or elixir for oral administration. For intravenous 
or intraperitoneal administration, the compound will be 
prepared as a solution or suspension capable of being 
administered by injection. In certain cases, it may be 
useful to formulate these compounds in suppository 
form or as an extended release formulation for deposit 
under the skin or intermuscular injection. 

Other medicaments can be added to such topical 
formulation for such secondary purposes as treating 
skin dryness, providing protection against light; other 
medications for treating dermatoses, preventing infec¬ 
tion, reducing irritation, inflammation and the like. 

Treatment of dermatoses or any other indications 
known or discovered to be susceptible to treatment by 
retinoic acid-like compounds will be effected by admin¬ 
istration of the therapeutically effective dose of one or 
more compounds of the instant invention. A therapeutic 
concentration will be that concentration which effects 
reduction of the particular condition, or retards its ex¬ 
pansion. In certain the drug potentially could 

be used in a prophylactic manner to prevent onset of a 
particular condition. A given therapeutic concentration 
will vary from condition to condition and in certain 
instances may vary with the severity of the condition 
being treated and the patient’s susceptibility to treat¬ 
ment. Accordingly, a given therapeutic concentration 
will be best determined at the time and place through 
routine experimentation. However, it is anticipated that 
in the treatment of, for example, acne, or other such 
dermatoses, that a formulation containing between 


thereof. 50 0.001 and 5 percent by weight, preferably about 0.01 to 

The most preferred compounds are: 1 %, will usually constitute a therapeutically effective 

ethyl 6 -( 2 -{ 4 , 4 -dimethylthiochroman- 6 -yl)ethynyl)- concentration. If administered systemically, an amount 
nicotinate; between 0.01 and 100 mg per kg body weight per day, 

6-(2-(4,4-dimethylthiochroman-6-yl)ethynyl)nicotinic but preferably about 0.1 to 10 mg/kg, will effect a thera- 

acid: 55 peutic result in most instances. 

6-(2-(4,4-dimethylchroman-6-yl)ethynyl)nicotinic acid; The retinoic acid like activity of these compounds 

ethyl 6 -( 2 -( 4 , 4 -dimethylchroman- 6 -yl)ethynyl)nicoti- was confirmed through the classic measure of retinoic 

nate; acid activity involving the effects of retinoic add on 

ethyl 6 -( 2 -< 4 , 4 , 7 -trimethylthiochroman- 6 -yl)-ethynyl)- ornithine decarboxylase. The original work on the cor- 

nicotinate; 60 relation between retinoic add and decrease in cell pro- 

ethyl 6-(2-(4,4-dimethyl-l,2,3,4-tetrahydroquinolin-6- liberation was done by Verma & Boutwell, Cancer Re - 

yl)ethynyl)nicotinate; search , 1977, 37, 2196-2201. That reference discloses 

ethyl 5 -{ 2 -( 4 , 4 -dimethylthiochroman- 6 -yl)ethynyl)thio- that ornithine decarboxylase (ODC) activity increased 

phene-2-carboxylate. precedent to polyamine biosynthesis. It has been estab- 

6 -{ 2 -( 4 , 4 -dimethylthiochroman- 6 -yl)-ethynyl)- 3 - 65 lished elsewhere that increases in polyamine synthesis 

pyridylmethanol; and can be correlated or associated with cellular prolifera- 

2-(2-(4,4-dimethylthiochroman-6-yl)-ethynyl)-5- tion. Thus, if ODC activity could be inhibited, cell 

pyridinecarboxaldehyde. hyperproliferation could be modulated. Although all 
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causes for ODC activity increase are unknown, it is 
known that 12-0-tetradecanoylphorbol-13-acetate 
(TPA) induces ODC activity. Retinoic acid inhibits this 
induction of ODC activity by TPA. The compounds of 
this invention also inhibit TPA induction of ODC as - 5 
demonstrated by an assay essentially following the pro¬ 
cedure set out in Cancer Res.: 1662-1670, 1975. 
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pounds of formula I when such synthesis is followed in 
fact and in spirit. The synthetic chemist will readily 
appreciate that the conditions set out here are specific 
embodiments which can be generalized to any and all of 
the compounds represented by formula I. 

Compounds of formula I where X is —S— are pre¬ 
pared as per Reaction Scheme I. 


Reaction Scheme I 




ZnCI 


R 


X'-A—<CH 2 )„-B 


> 


■=—a-(CH 2 )„-b 


/ 

Homologues & Derivatives 


SPECIFIC EMBODIMENTS 

The compounds of this invention can be made by a 
number of different synthetic chemical pathways. To 
illustrate this invention, there is here outlined a series of 
steps which have been proven to provide the com- 


Here, R is hydrogen or a lower alkyl group, A is de¬ 
fined above, n is 0-2 and B is H, or a protected acid, 
alcohol, aldehyde or ketone. X' is Cl, Br or I when n is 
0 but preferably is Br or I when n is 1 or 2. 

Alternatively, compounds of formula I where X is 
—S— are prepared as per Reaction Scheme II 


50 


Reaction Scheme II 


HS 



R 2 


S 


I 


Br 


R 


8 
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-continued 

Reaction Scheme II 



Homologues & Analogs 


25 


The definitions of R, n. A, B and X' are the same here 
as in Reaction Scheme I. 

Compounds of formula I where X is oxygen are pre¬ 
pared as per Reaction Scheme III. 


The definitions of R, n, A, B and X' are the same here 
as in Scheme I. 

Compounds of formula I where X is N—R' where R' 
is hydrogen or alkyl are prepared as per Reaction 
Scheme IV. 


Reaction Scheme III 



Homologues A Derivatives 
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Reaction Scheme IV 



Homologues & Derivatives 


N 

I 

R' 


A—(CH 2 )- B 


R 


The definitions of R‘ 
as in Scheme I. 


40 

n. A, B and X' are the same here Alternatively, the sequence of steps outlined in Reac¬ 
tion Scheme V will serve to make such compounds 
where X is N—R' and R' is H or lower alkyl. 


Reaction Scheme V 
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-continued 

Reaction Scheme V 



Homologs and Analogs 


A general description for making each of the com¬ 
pounds recited in the foregoing Reaction Schemes fol- An equimolar amount of an alkylithium compound such 
lows. - 15 as n-butyl lithium in an appropriate solvent is then 

In Reaction Scheme I. the following generalized added at the reduced temperature and mixed for an 

reaction conditions are applicable. The thiophenol of , appropriate time to permit formation of lithium diiso- 
fonnula 1 is first treated with approximately an equimo- propylamide (LD A). The ketone of formula S (at least a 

lar amount of a strong base such as an alkali metal hy- 10% molar excess) is dissolved in the reaction solvent, 

droxide, preferably sodium hydroxide, in acetone at 20 the solution cooled to that of the LDA mixture, and 
reflux. Refluxing is carried out for between 1 and 4 added to that solution. After brief mixing, the solution is 
hours, preferably 2.5 hours, after which the solution is then treated with a dialkyl chlorophosphate, preferably 

treated with an equimolar amount of formula 2. 1- diethyl chlorophosphate in about a 20% molar excess. 

bromo-3-methy 1-2-butene (Aldrich), dissolved in ace- The reaction solution is then gradually brought to room 

tone. Refluxing is continued for about 2 days after 25 temperature. This solution is then added to a second 
which the solution is stirred for another 24 hours at lithium diisopropylamide solution which is prepared in 

about room temperature effecting formation of formula situ using dry solvent all under an inert atmosphere, 

3. It is isolated by conventional means. preferably argon, at reduced temperature (e.g. —78* 

Ring closure is effected by treating the sulfide (com- C). Thereafter, the reaction mixture is again warmed to 
pound 3), whose formation is described above, with 30 room temperature where it is stirred for an extended 
phosphorous pentoxide in the presence of phosphoric period of time, preferably between 10 and 20 hours, 
acid under an inert atmosphere to give the thiochroman most preferably about 15 hours. The solution is then 

of formula 4. The sulfide is first dissolved in an inert acidified and the product recovered by conventional 

solvent such as benzene, toluene, or the like, and then means. 

treated with a small excess of phosphorous pentoxide 35 Formula 7 compounds arc prepared under conditions 
along with concentrated phosphoric acid. The solution which exclude water and oxygen. A dry, ether-type 
is heated at reflux with stirring under an inert gas such solvent such as dialkyl ether or a cyclic ether such as a 
as argon or nitrogen for up to 24 hours. The product is furan or pyran, particularly a tetrahydrofuran, may be 
then recovered and purified by conventional means. used as the solvent. A solution of formula 6 is first pre- 

The ketone* of formula 5 is obtained by treating the 40 pared under an inert atmosphere such as argon or nitro- 
thiochroman» with acetyl chloride in the presence of gen, and then a strong base such as n-butyl lithium is 
aluminum chloride. A suspension of the aluminum chlo- added (in about a 10% molar excess). This reaction is 
ride in a polar inert solvent is prepared under an inert begun at a reduced temperature of between —10* and 
atmosphere and at reduced temperature, i.e., —10* to + 10* C., preferably about 0* C. The reaction mixture is 
10* C. The inert atmosphere may be argon or nitrogen, 45 stirred for a short period, between 30 minutes and 2 
preferably argon. The reaction is conveniently carried hours, and then treated with about a 10% molar excess 

out in a solvent such as methylene chloride. To the of fused zinc chloride dissolved in the reaction solvent, 
aluminum chloride suspension is added the thiochroman This mixture is stirred for an additional 1-3 hours at 
and acetyl chloride via a dropping funn el or similar about the starting temperature, then the temperature is 
device. About a 5% molar excess of acetyl chloride and 50 increased to about ambient temperature for 10—40 min- 
10% molar excess of aluminum chloride, relative to the ^ utes. 

thiochroman material, is used. The reaction is effected Where a protected heteroaromatic compound is 
with agitation (stirring) over 0.5-4 hours at a tempera- needed to couple with formula 7 compounds, such may 
ture between 10*-50* C. Preferably the reaction is ef- be prepared from their corresponding acids, alcohols, 
fected in about 2 hours at room temperature. Then the 55 ketones or aldehydes. These starting materials, the pro- 
reaction is quenched with water and/or ice, the product tected acids, alcohols, aldehydes or ketones, are all 
extracted and further purified by distillation or some available from chemical manufactures or can be pre- 
other appropriate means. pared by published methods. Acids are esterified by 

The acetylenic function of formula 6 is introduced by refluxing the acid in a solution of the appropriate alco- 
means of lithium diisopropylamide or a similar base at 60 hoi in the presence of thionyl chloride. Refluxing for 
reduced temperature under an inert atmosphere. The 2-5 hours provides the desired ester. Alternatively, the 
reaction is carried out in an ether-type of solvent such as acid can be condensed with the appropriate alcohol in 
a dialkyl ether or a cyclic ether, for example, tetrahy- the presence of dicyclohexylcarbodiimide and dime- 
drofuran, pyran or the like. thylaminopyridine. The ester is recovered and purified 

More specifically, lithium diisopropylamide is gener- 65 by conventional means. Acetals and ketals are readily 
ated in situ by mixing diisopropylamine in a dry solvent marie by the method described in March, “Advanced 
such as tetrahydrofuran, which is then cooled, to be- Organic Chemistry,’* 2nd Edition, McGraw-Hill Book 
tween —70* and —50* C. under an inert atmosphere. Company, p. 810). Alcohols, aldehydes and ketones all 
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may be protected by forming respectively, ethers and 
esters, acetals or ketals by known methods such as those 
described in McOmie, Plenum Publishing Press, 1973 
and Protecting Groups , Ed. Greene, John Wiley & Sons, 
1981. 5 

To increase the value of n before effecting a coupling 
reaction, where such compounds are not available from 
a commercial source, the heteroaromatics where B is 
—COOH are subjected to homologation by successive 
treatment under Amdt-Eistert conditions or other ho- 10 
mologation procedures. These acids are then esterified 
by the general procedure outlined in the preceding 
paragraph. Alternatively, heteroaromatics where B is a 
different functional may also be homologated by appro¬ 
priate procedures. _ 15 

To effect the coupling of the thiochroman moiety 
with those of formula III, the halo-substituted 
heteroaromatic compound is dissolved in a dry reaction 
solvent. The heteromatic compound is used in an 
amount approximating the molar concentration of for- 20 
mula 7. This solution is introduced into a suspension of 
tetrakis-triphenylphosphine palladium (about a 5 to 
10% molar amount relative to the reactants) in the reac¬ 
tion solvent at a temperature of between about —10* 
and -h 10* C. This mixture is stirred briefly, for about 15 25 
minutes. To this just prepared mixture is then added the 
pre-prepared solution of formula 7, the addition being 
made at about room temperature. This solution is stirred 
for an extended period, between about 15 and 25 hours 
at room temperature. The reaction is then quenched 30 
with acid and the product separated and purified by 
conventional means to give the compounds of formula 
I. 

An alternative means for making compounds where n 
is 1 or 2 is to subject*the compounds of formula I where 35 
B is an acid or other function to homologation using the 
Amdt-Eistert method referred to above or other ho¬ 
mologation procedures. 

The acids and salts derived from formula I are readily 
obtainable from the Corresponding esters. Basic saponi- 40 
fication with an alkali metal base will provide the acid. 
For example, an ester of formula I may be dissolved in 
a polar solvent such as an alkanol, preferably under an 
inert atmosphere at room temperature, with about a 
three molar excess of base, for example, potassium hy- 45 
droxide. The solution is stirred for an extended period 
of time, between 15 and 20 hours, cooled, acidified and 
the hydrolysate recovered by conventional means. 

The amide may be formed by any appropriate amida- 
tion means known in the an. One way to prepare such 50 
compounds is to convert an acid to an acid chloride and 
then treat that compound with ammonium hydroxide or 
an appropriate amine. For example, the acid is treated 
with an alcoholic base solution such as ethanolic KOH 
(in approximately a 10% molar excess) at room temper- 55 
ature for about 30 minutes. The solvent is removed and 
the residue taken up in an organic solvent such as di¬ 
ethyl ether, treated with a dialkyl formamide and then a 
10-fold excess of oxalyl chloride. This is all effected at 
a moderately reduced temperature between about —10* 60 
and -h 10* C. The last mentioned solution is then stirred 
at the reduced temperature for 1-4 hours, preferably 2 
hours. Solvent removal provides a residue which is 
taken up in an inert inorganic solvent such as benzene, 
cooled to about 0’ C. and treated with concentrated 65 
ammonium hydroxide. The resulting mixture is stirred 
at a reduced temperature for 1-4 hours. The product is 
recovered by conventional means. 
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Alcohols are made by converting the corresponding 
acids to the acid chloride with thionyl chloride or other 
means (J. March, “Advanced Organic Chemistry", 2nd 
Edition, McGraw-Hill Book Company), then reducing 
the acid chloride with sodium borohydride (March, 
Ibid, pg. 1124), which gives the corresponding alcohols. 
Alternatively, esters may be reduced with lithium alu¬ 
minum hydride at reduced temperatures. Alkylating 
these alcohols with appropriate alkyl halides under 
Williamson reaction conditions (March, Ibid, pg. 357) 
gives the corresponding ethers. These alcohols can be 
converted to esters by reacting them with appropriate 
acids in the presence of acid catalysts or dicyclohexyl- 
carbodiimide and dimethylaminopyridine. 

Aldehydes can be prepared from the corresponding 
primary alcohols using mild oxidizing agents such as 
pyridiniuro dichromate in methylene chloride (Corey, 
E. J., Schmidt, G., Tet Lett , 399, 1979), or dimethyl 
sulfoxide/oxalyl chloride in methylene chloride 
(Omura, K., Swem, D., Tetrahedron , 1978, 34, 1651). 

Ketones can be prepared from an appropriate alde¬ 
hyde by treating the aldehyde with an alkyl Grignard 
reagent or similar reagent followed by oxidation. 

Acetals or ketals can be prepared from the corre¬ 
sponding aldehyde or ketone by the method described 
in March, Ibid, p 810. 

Compounds where B is H are prepared from the 
corresponding halo-heterocyclic entity preferably 
where the halogen is I. This haloheterocyclic com¬ 
pound is reacted with the ethynyl entity or the ethynyl 
zinc chloride entity as represented in Reaction Scheme 
I and as illustrated in the Examples. Halo-substituted 
heterocyclic compounds where B is H are commer¬ 
cially available or can be prepared by methods in the 
literature. 

Compounds where X is oxygen are prepared by the 
steps outlined in Reaction Scheme III. The phosphate 
of formula 14 is prepared from the corresponding di¬ 
phenyl chlorophosphate and 3-methyl-3-butene-l-ol 
available from Aldrich or which may be prepared by 
means known in the art. It is preferred to prepare for¬ 
mula 14 by dissolving the alcohol of formula 13 in about 
a 10% excess of pyridine in a polar inert solvent under 
an inert atmosphere cooled to approximately —10* to 
10* C. This solution is then added drop-wise, under an 
inert atmosphere, to a solution of cooled diphenyl chlo¬ 
rophosphate in about an equal amount of the reaction 
solvent. About a 2-5% molar excess of diphenyl chloro¬ 
phosphate relative to the alcohol is employed. The 
atmosphere may be argon, nitrogen, or another inert 
gas. The mixture is heated at reflux for between 1 and 5 
hours, preferably about 3, to efFect the reaction. The 
product is then recovered by conventional means. 

The diphenyl phosphate ester from the preceding 
paragraph (formula 14) is then reacted with phenol or 
3-alkylphenol to effect formation of compound 16. For 
example, phenol is added to a flask already containing 
stannic chloride under argon which has been cooled to 
between —10* to 10* C. After thorough mixing of this 
combination for about 15 minutes to an hour at the 
reduced temperature, the phosphate is added at the 
reduced temperature. Both of these steps are carried out 
under an inert atmosphere such as argon or nitrogen. 
When the addition of the phosphate is completed, the 
mixture is stirred at about ambient temperature for up to 
24 hours. Then the reaction is quenched with a dilute 
solution of aqueous alkali metal base or the like. The 
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product is recovered by extraction and other conven¬ 
tional means. 

Formula 16 is then acetylated, convened to the acet¬ 
ylene and either the acetylene or the corresponding 
alkynyl zinc chloride salt coupled with the appropriate 
heterocycle by the steps outlined in Reaction Scheme I. 

The tetrahydroquinoline moiety, that is where X is 
nitrogen, can be made by the steps outlined in Reaction 
Scheme IV in pan by the method described in Euro¬ 
pean Patent Application 0130795 published Sept. 1, 
1985. First, 3-methylcrotonoyl chloride is reacted with 
aniline to obtain the amide. This amide is then cyclized 
using aluminum chloride in the absence of solvent. Lith¬ 
ium aluminum hydride or another acceptable reducing 
agent of similar type is then used to reduce the 2-oxo- 

1,2,3,4-tetrahydroquinoline, preferably in an inert sol¬ 
vent such as diethyl ether. This-amine is then acetylated 
using acetyl chloride in a polar solvent such as pyridine. 
This protected amine is then acetylated in the presence 
of aluminum chloride. The acetyl function on the nitro¬ 
gen may then be removed by base hydrolysis. Then the 
acetylated compound is converted to the acetylene and 
ZnCl salt as outlined in Reaction Scheme I. The acety¬ 
lene or the salt is then coupled with an appropriate 
compound of formula III as described before to give 25 
compounds of formula I. 

Reaction Scheme V sets out an alternative method 
for making the tetrahydroquinoline compounds illus¬ 
trated in Reaction Scheme IV. 

The following Examples are set out to illustrate the 30 
invention, not to limit its scope. 


EXAMPLE 1 

Phenyl-3-methylbut-2-enylsulfide 
A mixture of 14.91 g (135.324 mmol) of thiophenol 


40 


and 5.5 g (137.5 mmol) of NaOH in 100 ml acetone was 
heated at reflux for 2.5 hours and then treated dropwise 
with a solution of 20 g (134.19 mmol) of l-bromo-3- 
methyl-2-butene in 20 ml acetone. This solution was 
refluxed for 40 hours and then stirred at room tempera¬ 
ture for 24 hours. Solvent was then removed in vacuo, 
the residue taken up in water, and extracted with 3x50 
ml ether. Ether extracts were combined and washed 
with 3x30 ml of 5% NaOH solution, then water, satu- 45 
rated NaCl solution and dried (MgS 04 ). Solvent was 
then removed in vacuo and the residue further purified 
by kugelrohr distillation (80* C., 0.75 mm) to give the 
title compound as a pale yellow oil. 

PMR (CDC1 3 ): 61.57 (3H, s), 1.69 (3H, s), 3.52 (2H, d, 

J—7.7 Hz), 5.29 (1H, t, J-7.7 Hz), 7.14 (1H. t, J-7.0 
Hz), 7.24 (2H, t, J—7.0 Hz), 7.32 (2H, d, J-7.0 Hz). 

EXAMPLE 2 

4,4-DimethyIthiochroman 

To a solution of 15.48 g (86.824 mmol) of phenyl-3- 
methylbut-2-enylsulfide (from Example 1) in 160 ml 
benzene were added successively 12.6 g (88.767 mmol) 
of phosphorus pentoxide and 11 ml of 85% phosphoric 
acid. This solution was refluxed with vigorous stirring 60 
under argon for 20 hours, then cooled to room tempera¬ 
ture. The supernatant organic layer was decanted and 
the syrupy residue extracted with 3 X 50 ml ether. Or¬ 
ganic fractions were combined and washed with water, 
saturated NaHCOs and saturated NaCl solution and 65 
then dried (MgS04). Solvent was removed in vacuo and 
the residue purified by kugelrohr distillation (80* C., 0.5 
mm) to give the title compound as a pale yellow oil. 
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PMR (CDCI 3 ): 61.30 (6H. s), 1.90-1.95 (2H, m), 
2.95-3.00 (2H. m), 6.96-7.00 (2H, m), 7.04-7.07 (1H, m), 
7.30-7.33 (1H, m). 

This method can be used to make 7-position alkyl 
analogues as exemplified by the following compounds: 
4,4,7-trimethylthiochroman; 

4.4- dimethyl-7-ethylthiochroman; 

4.4- dimethyl-7-propylthiochroman; 

4.4- dimethyl-7-butylthiochroman; and 

4.4- dimethyl-7-hexylthiochroman. 

EXAMPLE 3 

4,4Dimethyl-6-acetylthiochroman 

A solution of 14.3 g (80.21 mmol) of 4,4-dimethyl 
thiochroman (from Example 2) and 6.76 g (86.12 mmol) 
of acetyl chloride in 65 ml benzene was cooled in an ice 
bath and treated dropwise with 26.712 g (102.54 mmol) 
of stannic chloride. The mixture was stirred at room 
temperature for 12 hours, then treated with 65 ml water 
and 33 ml cone, hydrogen chloride and heated at reflux 
for 0.5 hours. After being cooled to room temperature, 
the organic layer was separated and the aqueous layer 
extracted with 5x50 ml benzene. The recovered or¬ 
ganic fractions were combined and washed with 5% 
sodium carbonate solution, water, saturated NaCl solu¬ 
tion and then dried (MgSCU)* The solvent was removed 
in vacuo and the residue purified by flash chromatogra¬ 
phy (silica; 5% ethyl acetate in hexanes) followed by 
kugelrohr distillation (150* C., 0.7 mm) to give the title 
compound as a pale yellow oil. 

PMR (CDCb): 61.35 (6H, s), 1.92-1.98 (2H, m) 2.54 
(3H, s), 3.02-3.08 (2H, m). 7.13 (1H, d, J-8.6 Hz), 7.58 
(1H, dd, J—8.6 Hz, 2 Hz), 7.99 (1H, d, J-2 Hz). 

This same method may be used to acetylate all com¬ 
pounds made as per Example 2. 

EXAMPLE 4 


10 


15 


20 


35 


50 


55 


4,4-Dimethyl-6-ethynylthiochroman 

To a solution of 1.441 g (14.2405 mmol) of diisopro¬ 
pylamine in 30 ml dry tetrahydrofuran under argon at 
—78" C. was added dropwise 9 ml of 1.6M (14.4 mmol) 
n-butyllithium in hexane. After stirring this solution at 
—78* C. for 1 hour, it was treated dropwise with a 
solution of 2.95 g (13.389 mmol) of 4,4-dimethyl-6- 
acetylthiochroman in 5 ml of dry tetrahydrofuran. 
After another hour of stirring at —78* C., the solution 
was treated with 2.507 g (14.53 mmol) of diethyl chloro- 
phosphate and brought to room temperature, where it 
was stirred for 3.75 hours. This solution was then trans¬ 
ferred using a double ended needle to a solution of 
lithium diisopropylamide (prepared as above using 
2.882 g (28.481 mmol) of diisopropylamine and 18 ml of 
1.6M (28.8 mmol) n-butyllithium in hexane) in 60 ml dry 
tetrahydrofuran at —78* C. The cooling bath was re¬ 
moved and the solution stirred at room temperature for 
15 hours, then quenched with water and acidified to pH 
1 with 3N hydrogen chloride. The mixture was stirred 
at room temperature for 12 hours, then treated with 65 
ml water and 33 ml cone, hydrogen chloride and heated 
at reflux for 0.5 hours. After being cooled to room 
temperature, the organic layer was separated and the 
aqueous layer extracted with 5x50 ml benzene. The 
recovered organic fractions were combined and washed 
with $% sodium carbonate solution, water, saturated 
NaCl solution and then dried (MgSCU). The solvent 
was removed in vacuo and the residue purified by flash 
chromatography (silica; 5% ethyl acetate in hexanes) 
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followed by kugelrohr distillation (150° C., 0.7 mm) to 
give the captioned compound as a pale yellow oil. 

PMR (CDCI 3 ): 61.35 ( 6 H, s), 1.92-1.98 (2H, m) 2.54 
(3H, s), 3.02-3.08 (2H, m), 7.13 (1H, d, J - 8.6 Hz), 7.58 
(1H, dd, J- 8.6 Hz, 2 Hz), 7.99 (1H, d, J~2 Hz). 

In the same manner, all acetyl-containing compounds 
prepared under Example 3 may be converted to their 
corresponding ethynyl analogues. 

EXAMPLE 5~ 

Ethyl 6 -chloronicotinate 

A mixture of 15.75 g (0.1 mol) 6 -chloronicotinic acid, 
6.9 g (0.15 mol) ethanol, 22.7 g (0.11 mol) dicyclohexyl- 
carbodiimide and 3.7 g dimethylaminopyridine in 200 
ml methylene chloride was heated at reflux for 2 hours. 
The mixture was allowed to cool, solvent removed in 
vacuo and residue subjected to flash chromatography to 
give the title compound as a low-melting white solid. 

PMR (CDCI 3 ): 61.44 (3H, t, J- 6.2 Hz) 4.44 ( 2 H, q, 
J—4.4 Hz), 7.44 (1H, d, J-8.1 Hz), 8.27 (1H, dd, J —8.1 
Hz, 3 Hz). 9.02 (1H, d, J-3 Hz). 

This procedure may be used to esterify any of the 
other halo-substituted acids employed in the making of 
these compounds such as 
ethyl 2-(2-chloropyrid-5-yl)acetate; 
ethyl 5-(2-chloropyrid-5-yl)pentanoate; 
ethyl 2-(2-iodofur-5-yl)acetate; 
ethyl 5-(2-iodofur-5-yl)pentanoate; 
ethyl 2-(2-iodothien-5-yl)acetate; 
ethyl 5-(2-iodothien-5-yl)pentanoate; 
ethyl 2-(3-chloropyridazin-6-yi)acetate; 
ethyl 5-(3-chloropyridazin-6-yl)pentanoate; and the 
corresponding chloro, or other halo, substituted py- 
rimidinyl or pyrazinyl analogues of such esters. 

„EXAMPLE 6 
Ethyl 

6-[2-(4,4-dimethylthiochroman-6-yl)ethynyl]nicotinate 

Reaction vessels Used in this procedure were flame 
dried under vacuum and all operations carried out in an 
oxygen-free, argon or nitrogen atmosphere. To a solu¬ 
tion of 465.7 mg (2.3019 mmol) of 4,4-dimethyl-6-ethy- 
nyl-thiochroman in 4 ml of dry tetrahydrofuran at 0* C. 
was added dropwise 1.5 ml of 1.6M (2.4 mmol) n-butyl- 
iithium in hexane. This was stirred at 0* C. for 10 min¬ 
utes and at room temperature for 10 minutes, cooled 
again to 0* C. and then treated with a solution of 330 mg 
(2.4215 mmol) of fused ZnCh in 4 ml dry tetrahydrofu¬ 
ran using a double ended needle. Thereafter the solution 
was stirred at 0* C. for 30 minutes, then at room temper¬ 
ature for 10 minutes. A solution of 426.3 mg (2.2967 
mmol) of ethyl 6 -chloronicotinoate (from Example 5) in 
4 ml dry tetrahydrofuran was transferred by double 
ended needle into a suspension of430 mg (0.37 mmol) of 
tetrakistriphenylphosphine palladium in 4 ml dry tetra¬ 
hydrofuran and stirred at room temperature for 10 min¬ 
utes, then treated by double ended needle with the solu¬ 
tion of the alkynylzinc prepared above. This mixture 
was stirred at room temperature for 18 hours, then 
quenched with 100 ml water. Product was recovered by 
extraction with 3x75 ml ether. Ether fractions were 
combined and washed with saturated NaCl solutions 
and dried (mgS 04 ). Solvent was removed in vacuo and 
the residue purified by flash chromatography (silica; 
5% ethyl acetate in hexane) followed by HPLC (What¬ 
man Partisil M-9 10/50; 4% ethyl acetate in hexane) to 
give the title compound as a white solid. 
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PMR (CDCI 3 ): 61.36 ( 6 H, s), 1.45 (3H, t, J~7 Hz). 
1.96-2.00 (2H, m), 3.05-3.09 (2H, m), 4.45 (2H, q, J~7 
Hz). 7.11 (1H, d, J — 8.4 Hz), 7.29 (1H, dd. J-8.4 Hz, 
2.2 Hz), 7.59 (1H, d, J-7.8 Hz). 7.66 (1H, d. J-2.2 Hz), 

5 8.30 (1H, dd, J-7.8 Hz, 2.3 Hz), 9.22 (1H, d, J-2.3 
Hz). 

Using this method, but substituting the appropriate 
ethynylthiochroman from Example 4 and the appropri¬ 
ate halo-substituted heteroaromatic ester from Example 
10 5, the following compounds may be prepared: 

ethyl 6-{2(4,4,7-trimethylthiochroman-6-yl)-ethynyl)- 
nicotinate; 

ethyl 6-(2-4,4-dimethyl-7-ethylthiochroman-6-yl)- 
ethynyl)nicotinate; 

15 ethyl 6-(2-{4,4-dimethyl-7-propylthiochroman-6-yl)- 
ethynyl)nicotinate; 

ethyl 6-(2-(4,4-dimethyl-7-hexylthiochroman-6-yl)- 
ethynyl)nicotinate; 

ethyl (2-((4 f 4^dimethylthiochroman-6-yl)ethynyl)pyrid- 
20 5-yl)acetate; 

ethyl (2-((4,4,7-trimethylthiochroman-6-yl)ethynyl)py- 
rid-5-yl)acetate; 

ethyl (2-((4,4-dimethyl-7-ethylthiochroman-6-yl)- 

ethynyl)pyrid-5-yl)acetate; 

25 ethyl (2-((4,4-dimethyl-7-hexyithiochroman-6-yl)- 

ethynyl)pyrid-5-yl)acetate; 

ethyl 3-(2-((4,4-dimethylthiochroman-2-yl)-ethynyl)py- 
rid-5-yl)propionate; 

ethyl 3-(2-((4,4,7-trimethylthiochroman-6-yl)-ethynyl)- 
30 pyrid-5-yl)propionate; 

ethyl 3-{2((4,4-dimethyl-7-ethylthiochroman-6-yl)- 

ethynyl)pyrid-5-yl)propionate; 
ethyl 3-(2((4,4-dimethyl-7-hexyIthiochroman-6-yl)- 

ethynyl)pyrid-5-yl)propionate; 

35 ethyl 5-(2-((4,4-dimethylthiochroman-6-yl)ethynyl)py- 
rid-5-yl)pentanoate; 

ethyl 5-{2-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 
pyrid-5-yl)pentanoate; 

ethyl 5-(2-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

40 thynyl)pyrid-5-yl)pentanoate; 

ethyl (5-((4,4-dimethylthiochroman-6-yl)ethynyl)fur-2- 
yl)acetate; 

ethyl (5-((4,4,7-trimethyithiochroman-6-yl)ethynyl)fur- 
2 -yl)acetate; 

45 ethyl (5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

thynyl)fur- 2 -yl)acetate; 

ethyl (5-{(4,4-dimethyl-7-hexylthiochroman-6-yl)e- 

thynyl)fur- 2 -yl)acetate; 

ethyl 5-(5-{(4,4-dimethylthiochroman-6-yl)ethynyl)fur- 
50 2-yl)pentanoate; 

ethyl 5-(5-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 
fur- 2 -yl)pentanoate; 

ethyl 5-<5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

thynyl)fur- 2 -yl)pentanoate; 

55 ethyl 5-(5-((4,4-dimethyl-7-hexyithiochroman-6-yl)e- 
thynyl)fur- 2 -yl)pentanoate; 

ethyl (5-((4,4-dimethyithiochroman-6-yl)ethynyl)thien- 
2 -yl)acetate; 

ethyl (5-((4 l 4 l 7-trimethylthiochroman-6-yl)ethynyl)thi- 
60 en- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

thynyl)thien- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 

thynyl)thien- 2 -yl)acetate; 

65 ethyl 5-(5-((4,4-dimethylthiochroman-6-yl)ethynyl)thi- 
en- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 

thien- 2 -yl)pentanoate; 
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ethyl 5-(5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 
thynyi)thien-2-yl)pentanoate; 
ethyl 5-(5-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 
thynyl)thien-2-yl)pentanoate; 
ethyl (6-((4,4-dimethylthiochroman-6-yl)eihynyl)- 5 

pyridazin-3-yl)acetate; 

ethyl (6-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 

pyridazin-3-yl)acetate; 

ethyl (6-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

thynyi)pyridazin-3-yl)acetate; 10 

ethyl (6-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 

thynyl)pyridazin-3-yl)acetate; 
ethyl 5-(6-((4,4-dimethylthiochroman-6-yl)ethynyl)- 

pyridazin-3-yl)pentanoate; 

ethyl 5-(6-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 15 

pyridazin-3-yl)pentanoate; 

ethyl 5-(6-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 

thynyl)pyridazin-3-yl)pentanoate; 
ethyl 5-(6-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 


was purified by flash chromatography (silica gel; 15% 
ethyl acetate in hexanes) and recrystallized from a mix¬ 
ture of ethyl acetate and hexanes to give the title com¬ 
pound as a pale yellow solid. 

EXAMPLE 7 

(3-Methyl-4-bromo-phenyl)-3-methylbut-2-enylsulfide 

To a stirred solution of 9.52 g (68 mmol) of 3-methyl- 
4-bromothiophenol in 80 ml of acetone was added 2.86 
g (68 mmol) of powdered sodium hydroxide. This mix¬ 
ture was stirred until the components were dissolved. 
The reaction mixture was then heated to reflux, and 
then treated with a solution of 11.26 g (68 mmol) of 
4-bromo-2-methyl-2-butene in 20 ml of acetone. The 
mixture was heated at reflux for a further 0.5 hour, 
cooled to room temperature and the solvent removed in 
vacuo. The residue was taken up in 35 ml of water and 
extracted with ether. The ether extracts were combined 


thynyl)pyridazin-3-yl)pentanoate; 20 

ethyl (5-((4,4-dimethylthiochroman-6-yl)ethynyl)- 

pyrimidin-2-yl)acetate; 

ethyl (5-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 

pyrimidin-2-yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 25 

thynyl)pyrimidin-2-yl)acetate; 
ethyl (5-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 

thynyl)pyrimidin-2-yl)acetate; 
ethyl 5-(5-((4,4-dimethylthiochroman-6-yl)ethynyl)- 


and washed successively with water and saturated NaCl 
solution and then dried (MgSCU). The solvent was re¬ 
moved in vacuo and the residue kugelrohr distilled 
(140*-145* C., 0.2 mm) to give the title compound as a 
colorless oil. 

PMR (CDCI3): 61.58 (3H, s), 1.70 (3H, s), 2.33 (3H, 
s), 3.49 (2H, d. J—7.8 Hz), 5.26 (1H. t, J-7.8 Hz), 6.98 
(1H, dd, J —8.3 Hz, 2.3 Hz), 7.17 (1H, d J-2.3 Hz), 7.38 
(1H, d, J—8.3 Hz). 


pyrimidin-2-yl)pentanoate; 30 

ethyl 5-(5-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- ■ 
pyrimidin-2-yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 
thynyl)pyrjmidin-2-yl)pentanoate; 
ethyl 5-(5-((4,4-dimethyl-7-hexyithiochroman-6-yl)e- 35 
thynyl)pyrimidin-2-yl)pentanoate; 
ethyl (5-((4,4-dimethylthiochroman-6-yl)ethynyl)pyra- 
zin-2-yl)acetate; 

ethyl (5-((4,4,7-trimethylthiochroman-6-yl)ethynyl)- 
pyrazin-2-yl)acetate; 40 

ethyl (5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 
thynyl)pyrazin-2-yl)acetate; 
ethyl (5-((4,4-dimethyl-7-hexylthiochroman-6-yl)e- 
thynyl)pyrazin-2-yl)acetate; 

ethyl 5)5-((4,4-dimcthylthiochroman-6-yl)ethynyl)- 45 
pyrazin-2-yl)pentanoate; 

ethyl 5-(5-((4,4 t 7-trimethylthiochroman-6-yl)ethynyl)- 


EXAMPLE 8 

4,4,7-T rimethy 1-6-bromothiochroman 

To 40 g of a vigorously stirred mixture of 10% phos¬ 
phorous pentoxide in methanesuifonic acid was added 
slowly 6.0 g (28.8 mmol) of (3-methyl-4-bromophenyl)- 
3-methylbut-2-enylsulfide. The mixture was stirred at 
room temperature for a further 2 hours and was then 
poured onto ice. The mixture was extracted with 2 X40 
ml of ether and the combined ether extracts were 
washed successively with water and saturated NaCl 
solution and then dried. The solvent was removed in 
vacuo and the residue distilled using a kugelrohr appa¬ 
ratus (130* C.; 0.07 mm) to give the title compound as a 
viscous oil. 

PMR (CDCI3): 61.28 (6H, s) 1.84-1.93 (2H, m), 2.26 
(3H, s), 2.95-3.03 (2H, m), 6.94 (1H, s), 7.46 (1H, s). 


prazin-2-yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-ethylthiochroman-6-yl)e- 
thynyl)pyrazin-2-yl)pentanoate; and 50 

ethyl 5-(5-((4,4-dimethyl-7-hexyithiochroman-6-yl)e- 
thynyl)pyrazin-2-yl)pentanoate. 

Alternative synthesis: The title compound of Exam¬ 
ple 6, ethyl 6-[2-(4,4-dimethylthiochroman-6-yI)e- 
thynyl]nicotinate, was also prepared as follows. 55 

A solution of 15.4 g (76.2 mmol) of 4,4-dimethyl-6- 
ethynyithiochroman and 14.0 g (75.5 mmol) of ethyl-6- 
chloronicotinate in 35 ml of freshly distilled triethylam- 
ine was degassed and then treated under nitrogen with 
a finely powdered mixture of 1 g (5.25 mmol) of high 60 
purity cuprous iodide and 2 g (2.85 mmol) of bis(tri- 
phenylphosphine) palladium (II) chloride. The mixture 
was heated under nitrogen at 55* C. for 20 hours and 
then cooled to room temperature. The triethylamine 
was then removed under vacuum and the residue was 65 
diluted with 200 ml of a 1:4 mixture of ethyl acetate and 
hexanes. This mixture was filtered through silica and 
the filtrate concentrated in vacuo. The resultant residue 


EXAMPLE 9 

4,4,7-Trimethyl-6-trimethylsilyiethynylthiochroman 

A mixture of 624 mg (3.0 mmol) of 4,4,7-trimethy 1-6- 
bromothiochroman, 314 mg (3.2 mmol) of trimethylsily- 
lacetylene, 40 mg (0.21 mmol) of cuprous iodide, 80 mg 
(0.11 mmol) of bis-(triphenylphosphine) palladium (II) 
chloride and 1 ml of triethylamine was degassed under 
nitrogen and heated in a sealed tube at 85* C. for 15 
hours. The mixture was then treated with a further 20 
mg (0.11 mmol) of cuprous iodide and 40 mg (0.06 
mmol) of the palladium (II) catalyst. The mixture was 
then heated under a nitrogen atmosphere in the sealed 
tube at 100* C. for a further 64 hours. The triethylamine 
was then removed under vacuum and the residue puri¬ 
fied by flash chromatography (silica; hexanes) to give 
the title compound as a yellow oil. 

PMR (CDCI3): 60.28 (9H, s), 1.30 (6H, s), 1.88-1.97 
(2H, m), 2.33 (3H, s), 2.97-3.05 (2H, m), 6.92 (1H, s), 
7.43 (1H, s). 
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EXAMPLE 10 

4,4,7-Trimethyl-6-ethynylthiochroman 

A mixture of 380 mg (1.69 mmol) of 4.4.7-trimethy-6- 
trimethylsilylethynylthiochroman. 4 ml of isopropanol 
and 2.5 ml of aqueous IN potassium hydroxide was 
degassed under nitrogen and stirred at room tempera¬ 
ture for 16 hours. The mixture was concentrated under 
vacuum and extracted with 2 X 10 ml of ether. The ether 
extracts were combined and washed successively with 
water and saturated NaCl solution and then dried 
(MgS 04 ). The solvent was removed in vacuo to give 
the title compound as a yellow oil. 

PMR (CDCb): 61.31 (6H, s). 1.88-1.96 (2H, m), 2.35 
(3H, s), 3.00-3.08 (2H, m), 3.25 (1H, s), 6.94 (1H, s), 7.47 
(1H, s). 

EXAMPLE 11 
Ethyl 

6-[2-(4,4,7-trimethylthiochroman-6-yl)ethynyl]nicoti- 

nate 

A mixture of 86 mg (0.4 mmol) of 4,4,7-trimethyl-6- 
ethynylthiochroman, 85 mg (0.46 mmol) of ethyl 6- 
chloronicotinate and 0.8 ml of triethylamine was de¬ 
gassed under nitrogen and then treated with a mixture 
of 10 mg (0.05 mmol) of cuprous iodide and 20 mg (0.03 
mmol) of bis(triphenylphosphine) palladium (II) chlo¬ 
ride. The reaction mixture was heated at 55* C. under a 
nitrogen atmosphere for 18 hours. The mixture was 
then extracted with 1.5 ml of 40% ethyl acetate in hex¬ 
anes and purified by flash chromatography (silica; 10% 
ethyl acetate in hexanes) to give the title compound as 
a yellow solid. 

PMR (CDCb): 61.32 (6H, s), 1.43 (3H, t, J-7.2 Hz), 
2.44 (3H, s), 3.01-3.05 (2H, m), 4.42 (2H, q, J-7.2 Hz), 
6.98 (1H, s). 7.54-7.£3 (2H, m), 8.27 (1H, dd, J-8.3 Hz, 
2.3 Hz), 9.21 (1H, d, J —2.3 Hz). 

"EXAMPLE 12 
Ethyl 

5-(2-(4,4-dimethyl-thiochroman-6-yl)ethynyl)thio- 

phene-2-carboxylate 

Using the same general procedure described in the 
preceeding Example 11, but using instead 4,4-dime thy 1- 
6-ethynylthiochroman and ethyl 5-bromothiophene-2- 
carboxylate, the title compound was synthesized. 

PMR (CDCb): 61.31 (6H, s), 1.36 (3H, t, J-7.5 Hz), 
1.90-1.94 (2H, m), 2.99-3.03 (2H, m), 4.33 (2H, q, J-7.5 
Hz), 7.04 (1H, d, J —8.1 Hz), 7.13-7.18 (2H. m), 7.50 
(1H, s), 7.65 (1H, d, J—3.9 Hz). 

EXAMPLE 13 

Ethyl-5-(2-(4,4-dimethyIthiochroman-6-yl)ethynyl)-2- 
furoate 

Again using the general procedure of Example 11, 
but using instead 4,4-dimethyl-6-ethynylthiochroman 
and ethyl 5-bromo-2-furate, the title compound was 
synthesized.. 

PMR (CDCb): 61.24 (6H, s), 1.31 (3H, t, J-7.0 Hz), 
1.83-1.87 (2H, m), 2.93-2.97 (2H, m), 4.30 (2H. q, J -7.0 
Hz), 6.60 (1H, d, J-3.4 Hz), 6.98 (1H, d, J —8.1 Hz), 
7.09-7.11 (2H, m), 7.46 (1H, d. J— 1.7 Hz). 
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EXAMPLE 14 

Diphenyl-3-methyl-3-buten- 1-yl phosphate 

5 To an ice-cooled solution of 12.2 g (141.65 mmol) of 
3-methyl-3-buten-l-ol (Aldrich) and 11.9 g (150.44 
mmol) of pyridine in 100 ml of tetrahydrofuran was 
added dropwise under argon a solution of 38.5 g (143.21 
mmol) of diphenyl chlorophosphate 93 in 100 ml of 
10 tetrahydrofuran. The mixture was heated at reflux for 3 
hours and then cooled and filtered. The filtrate was 
concentrated in vacuo and the residue dissolved in 400 
ml of 1:1 ether and hexane and then washed with 2 X 200 
ml water, 75 ml saturated NaCl solution and dried 
15 (MgSCb). The solvent was removed in vacuo to give 
the captioned compound as a pale yellow oil. 

PMR (CDCb): 61.69 (3H, M), 2.37 (2H, t, J N7 Hz), 
4.32 (2H, q, J —7 Hz), 4.72 (1H, M), 7.10-7.35 (10H, m). 

EXAMPLE 15 

20 

4,4-Dimethylchroman 

To a dry, ice-cooled flask containing 34.95 g (0.134 
mol) of stannic chloride was added quickly under argon 
63.0 g (0.669 mol) of phenol. The mixture was stirred at 
25 0* C. for 0.5 hour and then treated with 43.0 g (0.135 
mol) of diphenyl-3-methyl-3-buten-l-yl phosphate, fol¬ 
lowed by a 5 ml carbon disulfide rinse. The mixture was 
stirred at room temperature for 21 hours and then 
quenched by pouring onto 700 g ice and 1 liter of 1.5N 
30 NaOH. The mixture was extracted with 1X600 ml and 
2x300 ml ether. The combined ether fractions were 
washed with 2N NaOH, saturated NaCl and dried 
(MgS04). Solvent was removed in vacuo and the resi¬ 
due purified by flash chromatography (silica; 2% ether 
35 in hexane) to give the title compound as a colorless oil. 
PMR (CDCb): 61.34 (6H, M), 1.80-1.85 (2H, m), 
4.15-4.20(2H, m), 6.80 (1H, dd, J-8.1 Hz, 1.5 Hz), 6.87 
(1H, td, J-8.1 Hz, 1.5 Hz), 7.07 (1H, td, J-8.1 Hz, 1.5 
Hz), 7.26 (1H, dd, J-8.1 Hz, 1.5 Hz). 

40 This method also serves to prepare the corresponding 
7-alkylchroman compounds, starting with the appropri¬ 
ate 3-alkylphenoi, for example: 

4,4,7-trimethylchroman; 

4.4- dimethyl-7-ethylchroman; 

4.4- dimethyl-7-propylchroman; 

4.4- dimethyl-7-butyichroman; 

4.4- dimethyl-7-pentylchroman; and 

4.4- dimethyl-7-hexylchroman. 

50 EXAMPLE 16 

4,4-Dimethyl-6-acetylchroman 

To a stirred solution of 7.94 g (48.9425 mmol) of 

4.4- dimethylchroman in 70 ml of nitromethane was 
55 added under argon 4.0 g (50.96 mmol) of acetyl chloride 

followed by 6.8 g (51 mmol) of al umin um chloride. This 
was stirred at room temperature for 5.5 hours and then 
cooled in an ice bath and treated slowly with 70 ml 6N 
hydrogen chloride. The resultant mixture was stirred at 
60 room temperature for 10 minutes, then treated with 100 
ml ether and the organic layer separated. The organic 
layer was washed with water, saturated NaHCCb and 
saturated NaCl solutions and dried (MgSCU). Solvent 
was removed in vacuo and the residue purified by flash 
65 chromatography (silica; 10% ethyl acetate in hexanes). 
This was followed by kugelrohr distillation (95*-100* 
C.; 0.15 mm) to give the title compound as a colorless 
oil. 


ATTACHMENT B (cont’d) 


Page 26 


PMR (CDCI 3 ): 61.40 ( 6 H. M), 1.95-2.00 ( 2 H. m). 2.58 
(3H, M), 4.25-4.30 (2H, m), 6.83 (1H, d. J - 8.0 Hz), 7.62 
(1H, dd. J-8.0 Hz, 1.5 Hz), 8.00 (1H. d, J-1.5 Hz). 

Following the same procedure and using the com¬ 
pounds of Example 15, the following compounds can be 
prepared: 

4.4- dimethyl-6-acetyl-7-methylchroman; 

4.4- dimethyl-6-acetyl-7-ethylchroman: 

4.4- dimethyl-6-acetyl-7-propylchroman; 

4.4- dimethyl-6-acetyl-7-butylchroman; 

4.4- dimethyl-6-acetyl-7-pentylchroman; and * 

4.4- dimethyl-6-acetyl-7-hexylchroman. 

EXAMPLE 17 

4,4-Dimethyl-6 r ethynylchroman 

To a solution of 2.47 g (24.41 mmol) of diisopropyl¬ 
amine in 40 ml dry tetrahydrofuran under argon at 
—78* C. was added dropwise 15.2 ml of 1.6M (24.32 
mmol) n-butyl lithium in hexane. Mixture was stirred at 
— 78* C. for 1 hour and then treated dropwise with a 
solution of 4.98 g (24.38 mmol) of 4,4-dimethyl-6-acetyl- 
chroman in 4 ml of dry tetrahydrofuran. After stirring 
at —78* C. for 1 hour, the solution was treated with 4.2 
g (24.36 mmol) of diethyl chlorophosphate. The cooling 
bath was then removed and mixture stirred at room 
temperature for 2.75 hours. This solution was then 
transferred using a double ended needle to a solution of 
lithium diisopropyl amide (prepared as per Example 4) 
using 4.95 g (48.92 mmol) of diisopropylamine and 30.5 
ml of 1.6M (48.8 mmol) n-butyl lithium in hexane in 80 
ml dry tetrahydrofuran at —78* C. The cooling bath 
was removed and mixture stirred at room temperature 
for 18 hours and then quenched with 50 ml water and 25 
ml of 3N hydrogen chloride. The mixture was extracted 
with 2 X 100 ml and 3x50 ml of pentane and the com¬ 
bined organip fractions washed with 3N hydrogen chlo¬ 
ride, water, saturated NaHC 03 and saturated NaCl 
solution and then dried (MgS 04 ). Solvent was then 
removed in vacuo and the residue purified by flash 
chromatography (silica; 10 % ethyl acetate in hexane) 
followed by kugelrohr distillation (70* C; 0.35 mm) to 
give the title compound as a colorless crystalline solid. 

PMR (CDCI 3 ): 61.33 ( 6 H, s), 1.81-1.86 (2H, m), 3.00 
(1H, s), 4.19-4.24 (2H, m), 6.75 (1H, d. J-8.5 Hz), 7.22 
(1H, dd, J —8.5 Hz, 2.3 Hz), 7.44 (1H, d, J-2.3 Hz). 

This procedure serves to convert all acetyl-contain¬ 
ing compounds prepared as per Example 16 to their 
corresponding ethynyl-containing compounds. 

EXAMPLE 18 
Ethyl 

6-[2-{4,4-dimethylchroman-6-yl)ethynyl]nicotinate 

Reaction vessels used in this procedure were flame 
dried under vacuum and all operations were carried out 
in an oxygen-free, argon or nitrogen atmosphere. To a 
solution of 509.4 mg (2.74 mmol) of 4,4-dimethyl-6- 
ethynylchroman in 4 ml of dry tetrahydrofuran at 0* C. 
was added dropwise 1.72 ml of 1.6M (2.75 mmol) of 
n-butyl lithium in hexane. Stirring was commenced at 0* 
C. for 30 minutes and at room temperature for 15 min¬ 
utes, after which the solution was cooled again to 0* C. 
and then treated with a solution of 380 mg (2.79 mmol) 
of fused zinc chloride in 5 ml of dry tetrahydrofuran 
using a double ended needle. The resulting solution was 
stirred at 0* C. for 1 hour and then at room temperature 
for 15 minutes. A solution of 628.6 mg (2.74 mmol) of 
ethyl 6 -chloronicotinate in 4 ml of dry tetrahydrofuran 
was transferred by double ended needle into a suspen- 
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sion of 380 mg (0.33 mmol) of tetrakistriphenylphos- 
phine palladium in 5 ml dry tetrahydrofuran and mix¬ 
ture stirred at room temperature for 15 minutes and then 
treated by double ended needle with the solution of 
5 alkynylzinc prepared above. The mixture was stirred at 
room temperature for 20 hours and then quenched with 
ice and 30 ml of 3N hydrogen chloride. The mixture 
was extracted with 3x75 ml ether and ether extracts 
were combined and washed successively with saturated 
1° NaHCC >3 and saturated NaCl and then dried (MgS 04 >. 
Solvent was removed in vacuo and the residue further 
purified by flash chromatography (silica; 10 % ethyl 
acetate in hexane) to give the title compound as a yel¬ 
low solid. 

15 PMR (CDCI 3 ): 61.36 ( 6 H, s), 1.44 (3H, t, J-7.1 Hz), 
1.83-1.87 ( 2 H, m), 4.22^.26 (2H, m), 4.44 (2H, q, J—7.1 
Hz), 6.80 (1H, d, J—7.6 Hz). 7.35 (1H, d, J-8.9 Hz), 
7.58 (1H. d, J—7.6 Hz), 7.60 (1H, M), 8.28 (1H, d, J -8.9 
Hz), 9.21 (1H, s). 

By this method, using the appropriate precursors, the 
following compounds are prepared: 
ethyl 6-(2(4,4,7-trimethylchroman-6-yl)-ethynyl)nicoti- 
nate; 

25 ethyl 6-(2-(4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
nicotinate; 

ethyl 6-(2-(4,4-dimethyl-7-propylchroman-6-yl)e- 
thynyl)nicotinate; 

ethyl 6-(2-(4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
2 q nicotinate; 

ethyl (2-((4,4-dimethylchroman-6-yI)ethynyl)pyrid-5- 
yl)acetate; 

ethyl (2-((4,4,7-trimethyIchroman-6-yl)ethynyl)pyrid-5- 
yl)acetate; 

3 5 ethyl (2-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrid-5-yl)acetate; 

ethyl (2-((4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
pyrid-5-yl)acetate; 

ethyl 3-(2-((4,4-dimethylchroman-2-yl)ethynyl)pyrid-5- 
40 yl)propionate; 

ethyl 3-(2-((4,4 p 7-trimethylchroman-6-yl)-ethynyl)py- 
rid-5-yl)propionate; 

ethyl 3n(2((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrid-5-yl)propionate; 

45 ethyl 3-(2((4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
pyrid-5-yl)propionate; 

ethyl 5-(2-((4,4-dimethylchroman-6-yl)ethynyl)pyrid-5- 
yl)pentanoate; 

ethyl 5-(2-((4,4,7-trimethylchroman-6-yl)ethynyl)pyrid- 
50 5-yl)pentanoate; 

ethyl 5-(2-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrid-5-yl)pentanoate; 

ethyl 5-(2^4,4-dimethyl-7-hexylchroman-6-yl-ethynyl)- 
pyrid-5-yl)pentanoate; 

55 ethyl 5-(2-((4,4-dimethylchroman-6-yl)ethynyl)fur-2- 
yl)acetate; 

ethyl (5-{(4,4,7-trimethylchroman-6-yl)ethynyl)fur-2- 
yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
60 fur- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-hexylchroman-6-yl)ethynyi)- 
fur- 2 -yl)acetate; 

ethyl 5-(5-((4,4-dimethylchroman-6-yl)ethynyl)fur-2- 
yl)pentanoate; 

65 ethyl 5-(5-((4,4,7-trimethylchroman-6-yl)ethynyl)fur-2- 
yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
fur- 2 -yl)pentanoate; 
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EXAMPLE 19. 


ethyl (5-((4,4-dimethylchroman-6-yl)ethynyl)thien-2- N-(4-Bromophenyl)-3,3-dimethylacrylamide 


yl)acetate; 

ethyl (5-((4,4,7-trimethylchroman-6-yl)ethynyl)thien-2- 5 
yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
thien- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-hexylcftroman-6-yl)ethynyl)- 
thien- 2 -yl)acetate; . ^ 

ethyl 5-(5-((4,4-dimethylchroman-6-yl)ethynyl)thien-2- 
yl)pentanoate; 

ethyl 5-(5-((4,4,7-trimethylchroman-6-yl)-ethynyl)thi- 
en- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 15 
thien- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-hexylchronian-6-yl)e- 
thynyl)thien- 2 -yl)pentanoate; 

ethyl (6-((4,4-dimethylchroman-6-yl)ethynyl)pyridazin- 2Q 
3-yl)acetate; 


To a solution of 9.48 g (80 mmol) of 3,3-dimethylac- 
ryloyl chloride in 200 ml of dry tetrahydrofuran (THF) 
was added with vigorous shaking a solution of 13.76 g 
(80 mmol) of 4-bromoaniline in 300 ml of dry THF. The 
mixture stood at room temperature for 2 hours and was 
then treated with 80 g of ice followed by 200 ml of 
hexane. The organic layer was separated and the aque¬ 
ous layer was extracted with 2 X 50 ml of hexanes. The 
organic layers were combined and washed successively 
with 30 ml of water and 2x30 ml of saturated NaCl 
solution and then dried (MgS 04 ). The solvent was re¬ 
moved in vacuo and the residue purified by recrystalli¬ 
zation from an ethyl acetate and hexanes mixture to give 
the title compound as colorless crystals. 

PMR (CDC1 3 ): 61.91 (3H, s) ( 2.23 (3H. s), 5.73 (1H, 
broad s), 7.38-7.55 (5H. m). 


ethyl (6-((4,4,7-trimethylchroman-6-yl)ethynyl)pyrida- 
. zin-3-yl)acetate; 

ethyl (6-((4,4-dimethyI-7-ethylchroman-6-yl)ethynyI)- 
pyridazin-3-yl)acetate; 

ethyl (6-((4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
pyridazin-3-yl)acetate; 

ethyl 5-(6-((4,4-dimethylchroman-6-yl)ethynyl)pyrida- 
zin-3-yl)pentanoate; 

ethyl 5-{6-((4,4,7-trimethyIchroman-6-yl)-ethynyl)- 

pyridazin-3-yl)pentanoate; 

ethyl 5-(6-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyridazin*3-yl)pentanoate; 

ethyl 5-(6-((4,4-dimethyl-7-hexylchroman-6-yl)e- 
thynyl)pyridazin-3-yl)pentanoate; 

ethyl (5-((4,4-dimethylchroman-6-yl)ethynyl)pyriini- 
din- 2 -yl)acetate; 

ethyl (5-((4,4,7-trimethylchroman-6-yl)ethynyl)pyrimi- 
din- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrimidin- 2 -yl)aoetate; 

ethyl (5-((4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
pyrimidin- 2 -yl)acetate; 

ethyl 5-(5-((4,4-dimethylchroman-6-yl)ethynyl)pyrimi- 
din- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4,7-trimethylchroman-6-yl)-ethynyl)- 
pyrimidin- 2 -yl)pentanoate; 


EXAMPLE 20 

4 > 4-Dimethyl-6-bromo-2-oxo-1,2,3,4-tetrahydroquino- 
line 

25 To 6.7 g (26.02 mmol) of molten N-(4-bromo- 
phenyl)3,3~dimethylacrylamide (heated to 135* C.) was 
added 4.15 g (31.09) of aluminum chloride over 25 min¬ 
utes. The reaction mixture was stirred at 130* C. for 16 
30 hopurs and then treated with a further 1 g of aluminum 
chloride. The reaction mixture was heated at 130* C. for 
a further 9 hours and then cooled to room temperature. 
The reaction was then quenched by the slow addition of 
100 ml of ice cold water with slight wanning of flask to 
35 facilitate mixing. The mixture was extracted with 
1X100 ml and 4 X 50 ml of ether. The organic extracts 
were combined and washed with 25 ml of saturated 
NaCl solution and then dried (MgSC> 4 ). The solvent 
was removed in vacuo and the residue purified by flash 
40 chromatography (silica; 30% ethyl acetate in hexanes) 
to give the title compound as a pale yellow solid. 

PMR (CDCh): 61.37 ( 6 H, s), 2.53 (2H, s) t 6.85 ( 1 H, d, 
J—8.4 Hz), 7.32 (1H, dd, J-8.4 Hz, 2.1 Hz), 7.43 ( 1 H, 
d, J—2.1 Hz), 10.12 (1H, broad s). 

45 EXAMPLE 21 

4,4-Dimethyl-6-bromo-1,2,3,4-tetrahydroquinoline 


ethyl 5-(5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrimidin- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-hexylchroman-6-yl)e- 
thynyl)pyrimidin- 2 -yl)pentanoate; 

ethyl (5-((4,4-dimethylchroman-6-yl)ethynyl)pyrazin-2- 
yl)acetate; 

ethyl (5-((4,4,7-trimethylchroman-6-yl)ethynyl)pyra- 
zin- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-ethyIchroman-6-yl)ethynyl)- 
pyrazin- 2 -yl)acetate; 

ethyl (5-((4,4-dimethyl-7-hexylchroman-6-yl)ethynyl)- 
pyrazin- 2 -yl)acetate; 

ethyl 5)(5-((4,4-dimethylchroman-6-yl)ethynyl)pyrazin- 
2 -yl)pentanoate; 

ethyl 5-(5-((4,4,7-trimethylchroman-6-yl)-ethynyl)pyra- 
zin- 2 -yl)pentanoate; 

ethyl 5-(5-((4,4-dimethyl-7-ethylchroman-6-yl)ethynyl)- 
pyrazin- 2 -yl)pentanoate; and 

ethyl 5-(5-{(4 t 4-dunethyl-7-hexylchroman-6-yl)e- 
thynyl)pyrazin- 2 -yl)pentanoate. 


To 23.5 ml of 1.0M (23.5 mmol) lithium al uminum 
jq hydride in THF, heated to reflux under nitrogen, was 
added a solution of 4.95 g (19.48 mmol) of 4,4-dimethyl- 
6-bromo-2-oxo-l,2,3,4-tetrahydroquinoline in 50 ml of 
dry THF and 100 ml of dry diethyl ether via a double- 
ended needle. The mixture was heated at a reflux for 2 
55 hours and then cooled to room temperature. The reac¬ 
tion mixture was then quenched by the slow addition of 
25 ml of water followed by 50 ml of 5% NaOH solution. 
The mixture was extracted with 2x25 ml of ether, the 
organic extracts were combined and washed succes- 
60 sively with 25 ml each of water and saturated NaCl 
solution and then dried (MgSCU). The solvent was re¬ 
moved in vacuo and the residue purified by flash chro¬ 
matography (silica; 15% ethyl acetate in hexanes) to 
give the title compound as a brown oil. 

65 PMR (CDCI 3 ): 61.27 ( 6 H, s), 1.67-1.74 (2H, m), 
3.23-3.32 (2H, m), 3.90 (1H, broad s), 6.33 (1H, d, J- 8.4 
Hz), 7.10 (1H. dd, J —8.4 Hz, 2.3 Hz), 7.25 (1H, d, 
J—-2.3 Hz). 
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EXAMPLE 22 

4.4- Dimethyl-6-trimethylsilylethynyl-1.2,3,4-tetrahy- 

droquinoline 

A solution of 1.608 g (6.7 mmol) of 4.4-dimethyl-6- ^ 
bromo-l,2,3,4-tetrahydroquinoline in 1.5 ml of triethyl- 
amine in a heavy-walled tube was degassed under argon 
and then treated with 75 mg (0.39 mmol) of cuprous 
iodide and 150 mg (0.21 mmol) of bis(triphenylphos- jq 
phine) palladium (II) chloride. The mixture was de¬ 
gassed again under argon, treated with 2.09 g ( 21.2 
mmol) of trimethylsilylacetyiene and the tube was 
sealed. The mixture was heated at 50* C. for 48 hours. 
After cooling to room temperature methylene chloride 15 
was added to the reaction mixture and the mixture fil¬ 
tered. The filtrate was concentrated in vacuo and the 
residue purified by flash chromatography (silica; 10 % 
ethyl acetate in hexanes) to give the title compound as 
a yellow oil. 20 

PMR (CDCI 3 ): 60.20 (9H, s), 1.20 ( 6 H. s), 1.57-1.63 
(2H, m), 3.16-3.25 (2H, m), 4.02 (1H, broad s), 6,24 (1H, 
d f J —8.2 Hz). 7.00 (1H, dd, J-8.2 Hz, 1.8 Hz), 7.26 
(1H, d, J —1,8 Hz). 

EXAMPLE 23 25 

4.4- Dimethyl-6-ethynyl- 1 ,2,3,4-tetrahydroquinoline 

To a solution of 569 mg (2.21 mmol) of 4,4-dimethyl- 
6-trimethyisilylethynyl-l,2,3,4-tetrahydroquinoline in 3 3Q 
mi of isopropanol was added, under argon, 1 ml of IN 
aqueous KOH solution. The reaction mixture was 
stirred at room temperature for 36 hours and the isopro¬ 
panol was removed under vacuum. The residue was 
extracted with ether and the ether extract was washed 35 
successively with water and saturated NaCl solution 
and then dried (MgSQ*). The solvent was removed in 
vacuo and the residue was purified by flash chromatog¬ 
raphy (silica; 10 % ethyl acetate in hexanes) to give the 
title compound as a brown oil. 40 

PMR (CDCI 3 ): 61.26 ( 6 H, s), 1.65-1.72 (2H, m), 2.96 
(1H. s), 3.27-3.34 (2H, m), 6.34 (1H, d, J-8.3 Hz), 7.08 
(1H, dd, J —8.3 Hz, 1.6 Hz), 7.33 (1H. d, J-1.6 Hz). 

EXAMPLE 24 

45 

6-(2-(4,4-dimethylchroman-6-yl)ethynyl)nicotinic acid 

The absolute ethanol used in this experiment was 
degassed by applying a vacuum while simultaneously 
bubbling nitrogen through it. A solution, of 101.1 mg 
(0.30 mmol) of ethyl 6-(2-4,4-dimethylchroman-6-yl)e- 
thylyl)-nicotinoate in 2 ml ethanol was treated under 
argon with 0.7 ml of a 1.81M (1.27 mmol) solution of 
potassium hydroxide in ethanol and water. This mixture 
was stirred at room temperature for 60 hours and then 55 
solvent removed in vacuo. The residue was dissolved in 
25 ml of water and extracted with 25 ml of ether. The 
aqueous layer was acidified with glacial acetic acid and 
extracted with 4 X 50 ml of ether. Ether extracts were 
combined and washed with water, then saturated NaCl 60 
and dried (MgSCU). Solvent was then removed in vacuo 
to give the title compound. PMR ((CD 3 ) 2 CO): 61.40 
( 6 H, s) 1.88-1.92 (2H, m), 4.26-4.30 (2H, m), 6.82 (1H, 
d, J —8.7 Hz), 7.37 (1H, dd, J-7.6 Hz, 2.2 Hz), 7.62 
(1H, M), 7.63 (1H, d, J-8.7 Hz), 8.37 (1H, dd, J-7.6 65 
Hz, 2.2 Hz), 9.27 (1H, d, J-2.2 Hz). 

Proceeding in the same manner 6-(2-(4,4-dimethylthi- 
ochroman- 6 -yl)ethynyl)nicotinic acid was prepared 
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from ethyl 6-(2-(4,4-d imethy It hioch roman- 6 -yl)- 

ethynvl)nicotinoate. 

PMR (CDCl 3 (CD 3 ) 2 CO): 61.37 ( 6 H, M), 1.99 (2H, 
m), 3.09 (2H, m), 7.10 (1H, d. J-8.1 Hz), 7.28 (1H, dd. 
J — 8.1 Hz), 2.1 Hz), 7.64 ( 1 H. dd, J-7.8 Hz), 1.8 Hz), 
7.65 (1H, d, J-7.8 Hz, 1.5 Hz), 9.24 (1H, m). 

Proceeding in the same manner, the esters prepared 
as per the proceeding Examples may be converted to 
their corresponding acid. 

EXAMPLE 25 

6-(2-(4,4-Dimethyl-thiochroman-6-yl)-ethynyl)-3- 

pyridylmethanol 

To 3.0 ml of 1M lithium aluminum hydride ( 3.0 
mmol) in THF, cooled to —78* C. t was added dropwise 
over 5 min a solution of 2.0 g (5.9 mmol) of ethyl 6-(2- 
(4,4-dimethylthiochroman-6-yl)-ethynyl)nicotinate in 5 
ml of THF. The reaction mixture was stirred at —78* C. 
for 40 min and then treated with 2 ml of water. The 
mixture was warmed to room temperature and the or¬ 
ganic layer was separated. The aqueous layer was ex¬ 
tracted with 3X10 ml of ether. The organic extracts 
were combined and washed successively with 1 X 10 ml 
of dilute HCI, 3 X 10 ml of water and 1 X 15 ml of satu¬ 
rated NaCl solution and then dried (MgSCU). The sol¬ 
vent was removed in vacuo and the residue purified by 
flash chromatography (silica; 50% ethyl acetate in hex¬ 
anes) to give the title compound as a pale yellow solid. 

PMR (CDCI 3 ): 61.33 ( 6 H, s), 1.91-1.98 (2H, m), 
3.01-3.07 (2H, m), 4.75 (2H, s), 7.08 ( 1 H, d, J-8.2 Hz), 
7.23 (1H. dd, J— 8.2 Hz, 1.7 Hz), 7.46 ( 1 H, d, J-7.9 
Hz), 7.60 (1H, d, J — 1.2 Hz), 7.71 ( 1 H, dd, J-7.9 Hz, 
1.2 Hz), 8.51 (1H, broad s). 

EXAMPLE 26 

2-(4,4-dimethyl-thiochroman-6-yl)ethynyl)-5- 

bromopyridine 

A mixture of 6.36 g (31.5 mmol) of 4,4-dimethyl-6- 
ethynylthiochroman, 7.46 g (31.5 mmol) of 2,5- 
dibromopyridine, 122 mg (0.64 mmol) of cuprous io¬ 
dide, 224 mg (0.32 mmol) of bis(triphenylphosphine) 
palladium (II) chloride and 70 ml of freshly distilled 
triethylamine was degassed under nitrogen and stirred 
at room temperature for 1 hour. The mixture was then 
treated with 180 ml of ether and 40 ml of water and the 
organic layer was separated. The aqueous layer was 
extracted with ether, the organic layers were combined 
and then washed with 2x40 ml of water, 2x40 ml of 
saturated NaCl solution and then dried (K 2 CO 3 ). The 
solvent was removed in vacuo and the residue purified 
by flash chromatography (silica; 5% ethyl acetate in 
hexanes) and recrystallization from ethyl acetate and 
hexane to give the title compound as a pale brown solid. 

PMR (CDCI 3 ): 61.34 ( 6 H, s), 1.94-1.98 (2H, m), 
3.04-3.08 (2H, m), 7.08 (1H, d, J-8.4 Hz), 7.23 (1H, dd, 
J —8.4 Hz, 1.8 Hz), 7.38 (1H, J-8.4 Hz), 7.60 (1H, d, 
J—1.8 Hz), 7.78 (1H, dd, J-8.4, 2.3 Hz), 8.66 (1H, d, 
J—2.3 Hz). 

EXAMPLE 27 

2-(2-(4,4-dimethyIthiochroman-6-yl)-ethynyl)-5- 

pyridinecarboxaldehyde 

To a cooled (—78* C.) solution of 358 mg ( 1 .0 mmol) 
of 2-(4,4-dimethyithiochroman-6-yl)ethynyl-5- 

bromopyridine in 5 ml of anhydrous ether was added 
slowly under nitrogen 1.3 ml of 1.7M (2.21 mmol) tert- 
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butyl lithium in pentane. The mixture was stirred at 

— 78* C. for 1 h and then treated with 95 mg (1.3 mmol) 
of anhydrous dimethylformamide. The mixture was 
stirred at —78* C. for a further 0.5 hours, then wanned 
to 0* C. and treated with 5 ml of saturated NH4CI solu¬ 
tion followed by 5 ml of ether. The organic layer was 
separated and the aqueous layer was extracted with 
ether. The organic layers were combined, washed suc¬ 
cessively with water and saturated NaCl solution and 
then dried (MgS 04 ). The solvent was then removed in 
vacuo and the residue purified by flash chromatography 
(silica; 15% ethyl acetate in hexanes) followed by high 
pressure liquid chromatography (Whatman M-9 Partisil 
10/50 column, 15% ethyl acetate in hexanes) to give the 
title compound as a pale yellow solid. 

PMR (CDCI 3 ): 61.33 ( 6 H, s), 1.93-1.97 (2H, m), 
3.03-3.07 (2H, m), 7.08 (1H, d, J-8.2 Hz), 7.26 (1H, dd, 
J-8.2 Hz, 1.8-Hz), 7.63-7.65 (2H, m), 8.14 (2H, dd, 
J-8.0 Hz, 2.3 Hz) 9.05 ( 1 H, d, J-2.3 Hz), 10.1 ( 1 H, s). 

EXAMPLE 28 

2-{2-(4,4-Dimethylchroman-6-yl)ethynyl]-5-hydrox- 

ymethylpyridine 

A 250 ml 3-necked flask is fitted with a stirrer, a 
dropping funnel, a nitrogen inlet and a thermometer. In 
the flask is placed a solution of 379.5 mg (10 mmol) of 
lithium aluminum hydride in 30 ml of dry diethyl ether. 
The solution is cooled to —65* C. under nitrogen and a 
solution of 3.2343 g (10 mmol) of ethyl 6-[2-(4,4-dime- 
thylchroman- 6 -yl)ethylyl]nicotinate in 15 ml of dry 
ether is added dropwise at a rate such that the tempera¬ 
ture does not exceed —60* C. The mixture is stirred at 

— 30* C. for 1 hour and the excess hydride is then de¬ 
stroyed by the addition of 300 mg (3.4 mmol) of ethyl 
acetate. The reaction mixture is then hydrolyzed by 
adding 3 ml of saturated ammonium chloride solution 
and allowing the temperature to rise to room tempera¬ 
ture. The mixture is then filtered and the residue 
washed with etherT The ether layer is then washed with 
saturated sodium chloride solution, dried (MgSO<) and 
then concentrated in vacuo. The residue is purified by 
chromatography followed by recrystallization to give 
the title compound. 

By the same process, acids or esters of this invention 
may be converted to their corresponding primary alco¬ 
hol. 

EXAMPLE 29 

2-[2-(4,4-Dimethylchroman-6-yl)ethynyl]-5-acetoxyme- 

thylpyridine 

A solution of 2.81 g (10 mmol) of 2-[2-(4,4-dimethyl- 
chroman-6-yl)ethynyl]-5-hydromymethyIpyridine, 600 
mg (10 mmol) of glacial acetic acid, 2.06 g (10 mmol) of 
dicyclohexylcarbodiimide and 460 mg (3.765 mmol) of 
4Kiimethylaminopyridine in 150 ml methylene chloride 
is stirred at room temperature for 48 hours. The reac¬ 
tion mixture is then filtered and the residue washed with 
50 ml of methylene chloride. The filtrate is then concen¬ 
trated in vacuo and the residue is purified by chroma¬ 
tography followed by recrystallization to give the title 
compound. 

Proceeding in the same manner, other alcohols of this 
invention may be esterified. 
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EXAMPLE 30 

2-(2-(4,4-Dimethylchroman-6-yl)ethynyl)pyridine-5- 

carboxaldehyde 

A solution of 1.396 g (11 mmol) of freshly distilled 
oxalyl chloride in 25 ml of methylene chloride is placed 
in a 4-necked flask equipped with a stirrer, a thermome¬ 
ter and two pressure-equalizing addition funnels fitted 
10 with drying tubes. The solution is cooled to —60* C. 
and then treated dropwise with a solution of 1.875 g (24 
mmol) of dimethyl sulfoxide (distilled from calcium 
hydride) in 5 ml of methylene chloride over a five min- 
15 ute period. The reaction mixture is then stirred at —60* 
C. for an additional 10 minutes. A solution of 2.82 g (10 
mmol) of 2-[2-(4,4-dimethylchroman-6-yl)ethynyl]-5- 
hydromymethylpyridine in 10 ml of methylene chloride 
is then added to the reaction mixture over a period of 5 
20 minutes. The mixture is stirred for a further 15 minutes 
and is then treated with 5.06 g (50 mmol) of triethylam- 
ine. The cooling bath is then removed and the mixture 
is allowed to warm to room temperature. Thirty ml of 
25 water is then added to the mixture and stirring is contin¬ 
ued for a further 10 minutes. The organic layer is then 
separated and the aqueous layer is extracted with 20 ml 
of methylene chloride. The organic layers are then 
combined and washed successively with dilute HC1, 
30 water and dilute Na 2 CC >3 solution and then dried 
(MgSC> 4 ). The solution is then filtered and concentrated 
in vacuo and the residue is purified by chromatography 
followed by recrystallization to give the title com- 
35 pound. 

Primary alcohols of this invention may be oxidized to 
their corresponding aldehyde by this method. 

EXAMPLE 31 

40 2-(2-(4,4-Dimethylchroman-6-yl)ethynyl)-5-( 1 -hydrox- 
ypropyl)pyridine 

Four ml of a 3M (12 mmol) solution of ethylmag- 
nesium bromide in ether is placed in a 3 -necked flask 
45 fitted with a mechanical stirrer, a reflux condenser pro¬ 
tected by a drying tube and a pressure-equalizing drop¬ 
ping funnel protected by a drying tube. The flask is 
cooled in an ice bath and a solution of 2.8 g (10 mmol) 
of 2-(2-(4,4-Dimethylchroman-6-yl)ethynyi)pyridine-5- 
50 carboxaldehyde in 10 ml of dry ether is added slowly 
with vigorous stirring. The cooling bath is then re¬ 
moved and the mixture heated at reflux for 3 hours. The 
mixture is then cooled in an ice-salt bath and 5 ml of 
55 saturated ammonium chloride solution added. The mix¬ 
ture is stirred for a further 1 hour and then filtered and 
the residue washed with two 10 ml portions of ether. 
The ether solution is then separated, dried (MgSCU) and 
the ether removed in vacuo. The residue is then purified 
60 by chromatography followed by recrystallization to 
give the title compound. 

Using the same procedure any of the other aldehydes 
of this invention can be converted to a secondary alco- 

65 hoL 

Such secondary alcohols may be converted to their 
corresponding ketone using the procedure recited in 
Example 15. 
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EXAMPLE 32 

2-(2-(4,4-Dimethylchroman-6-yI)ethynyl)-5-dimeihox- 

ymethylpyridine 

A round-bottomed flask is fitted with a Dean-Stark 
apparatus under a reflux condenser protected by a dry¬ 
ing tube. A mixture of 3.35 g (12 mmol) of 2-(4,4-dime- 
thylchroman-6-yl)ethynyl)-pyridine-5-carboxaldehyde, 
4.80 mg (15 mmol) of anhydrous methanol, 2 mg of 
P-toluenesulfonic acid monohydrate and 10 mLof anhy¬ 
drous benzene is placed in the flask and the mixture 
heated at reflux under nitrogen until close to the theo¬ 
retical amount of water is collected in the Dean-Stark 
trap. Thereaction mixture is cooled to room tempera¬ 
ture and extracted successively with 5 ml of 10% so¬ 
dium hydroxide solution and two 5 ml portions of water 
and then dried (MgS 04 ). The solution is then filtered 
and the solvent removed in vacuo. The residue is puri¬ 
fied by chromatography and then recrystallization to 
give the title compound. 

In a similar manner, any aldehyde or ketone of this 
invention may be convened to an acetal or a ketal. 

EXAMPLE 33 

Preferably, these compounds may be administered 
topically using various formulations. Such formulation 
may be as follows: 


32 

10 carbon atoms, or from phenyl or lower alkylphenyl 
radical, or B is —CHO or a lower alkyl acetal deriva¬ 
tive thereof, or an acetal derivative thereof formed with 
a lower alkyl diol, or B is —CORj or a lower alkyl ketal 
5 derivative thereof, or a ketal derivative thereof formed 
with a lower alkyl diol, where R\ i s —(CH 2 ) m CH 3 
where m is 0-4, or a pharmaceutically acceptable salt of 
the compound defined in said formula. 

2. A compound of claim 1 where X is S, R is hydro- 
gen, and n is 0 or 1. 

3. A compound of claim 2 where B is —COOH or a 
pharmaceutically acceptable salt, lower alkyl ester or 
mono- or di-lower alkyl amide thereof. 

4. Ethyl 6-(2-(4,4-dimethylthiochroman-6-yl)e- 
3 thynyl)nicotinate. 

5. 6-(2-(4,4-dimethylthiochroman-6-yl)ethynyl)nico- 
tinic acid or a pharmaceutically acceptable salt thereof. 

6. A compound of the formula 

20 



Ingredient 

Weight/Percent 

Solution 


Retinoid 

0.1 

BHT 0.1 


Alcohol USP 

58.0 

Polyethylene Glycol 400 NF 

41.8 

Gel 


Retinoid 

0.1 

BHT 0.T 


Alcohol USP 

97.8 

Hydroxypropyl Cellulose 

2.0 


What is claimed is: 

1. A compound of the formula 



where X is S or O; R is hydrogen or lower alkyl; R 2 is 50 
methyl; A is pyridyl; n is 0-2; and B is H, —COOH or 
a pharmaceutically acceptable salt thereof, or an ester 
thereof with a saturated aliphatic alcohol of ten or 
fewer carbon atoms, or with a cyclic or saturated ali¬ 
phatic cyclic alcohol of 5 to 10 carbon atoms, or with 55 
phenol or with a lower alkylphenol, or an amide or a 
mono or disubstituted amide thereof, the substituents on 
the amide being selected from a group consisting of 
saturated aliphatic radicals of ten or fewer carbon 
atoms, cyclic or saturated aliphatic cyclic radicals of 5 60 
to 10 carbon atoms, and phenyl or lower alkylphenyl 
radicals, or B is CH 2 OH or an ester derivative thereof 
derived from a saturated aliphatic acid of ten or fewer 
carbon atoms, or from a cyclic or saturated aliphatic 
cyclic acid of 5 to 10 carbon atoms, or from benzoic 65 
acid, or an ether derivative thereof derived from a satu¬ 
rated aliphatic radical of ten or fewer carbon atoms, or 
from a cyclic or saturated aliphatic cyclic radical of 5 to 


where n is 0 or 1 and where B is —CH^OH or a lower 
alkyl ether or lower alkyl acid ester thereof. 

7. A compound of claim 6 which is 6-(2-{4,4-dime- 
thylthiochroman-6-yl)-ethynyl)-3-pyridylmethanol. 

8. A compound of claim 2 where B is —CHO or an 
acetal derivative thereof. 

9. A compound of claim 8 which is 2-(2-(4,4-dime- 
thylthiochroman-6-yl)-ethynyl)-5-pyridinecarboxaide- 
hyde. 

. 10. A compound of the formula 



where R is lower alkyl, n is 0 or 1, and B is H, —COOH 
or a pharmaceutically acceptable salt thereof, or an 
ester thereof with a saturated aliphatic alcohol of ten or 
fewer carbon atoms, or with a cyclic or saturated ali¬ 
phatic cyclic alcohol of 5 to 10 carbon atoms, or with 
phenol or with a lower alkylphenol, or an amide or a 
mono or di-substituted amide thereof, the substituents 
on the amide being selected from a group consisting of 
saturated aliphatic radicals of ten or fewer carbon 
atoms, cyclic or saturated aliphatic cyclic radicals of 5 
to 10 carbon atoms, and phenyl or lower alkylphenyl 
radicals, or B is CH^OH or an ester derivative thereof 
derived from a saturated aliphatic acid of ten or fewer 
carbon atoms, or from a cyclic or saturated aliphatic • 
cyclic acid of 5 to 10 carbon atoms, or from benzoic 
acid, or an ether derivative thereof derived from a satu¬ 
rated aliphatic radical of ten or fewer carbon atoms, or 
from a cyclic or saturated aliphatic cyclic radical of 5 to 
10 carbon atoms, or from phenyl or lower alkylphenyl 
radical, or B is —CHO or a lower alkyl acetal deriva- 
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tive thereof, or an acetal derivative thereof formed with 
a lower alkyl diol, or B is —CORi or a lower alkyl ketal 
derivative thereof, or a ketal derivative thereof formed 
with a lower alkyl diol, where Ri is —(CH 2 ) m CHj 
where m is 0-4, or a pharmaceutically acceptable salt of 5 
the compound defined in said formula. 

11. A compound of claim 10 which is 6-(2-(4,4,7- 
trimethylthiochroman-6-yl)ethynyl)nicotinic acid or a 
pharmaceutically acceptable salrthereof. 

12. A compound of the formula 10 



where n is 0 or 1, and B is H, —COOH or a pharmaceu¬ 
tically acceptable salt thereof, or an ester thereof with a 
saturated aliphatic alcohol of ten or fewer carbon 
atoms, or with a cyclic or saturated aliphatic cyclic 
alcohol of 5 to 10 carbon atoms, or with phenol or with 25 
a lower alkylphenol, or an amide or a mono or di-sub- 
stituted amide thereof, the subtituents on the amide 
being selected from a group consisting of saturated 
aliphatic radicals of ten or fewer carbon atoms, cyclic 
or saturated aliphatic cyclic radicals of 5 to 10 carbon 30 
atoms, and phenyl or lower alkylphenyl radicals, or B is 
CH 2 OH or an ester derivative thereof derived from a 
saturated aliphatic acid of ten or fewer carbon atoms, or 
from a cyclic or saturated aliphatic cyclic acid of 5 to 10 
carbon atoms, or from benzoic acid, or an ether deriva- 35 
tive thereof derived from a saturated aliphatic radical of 
ten or fewer carbon atoms, or from a cyclic or saturated 
aliphatic cyclic radical of 5 to 10 carbon atoms, or from 
phenyl or lower alkylphenyl radical, or B is —CHO or 
a lower alkyl acetal derivative thereof, or an acetal 40 
derivative thereof formed with a lower alkyl diol, or B 
is —CORi or a lower alkyl ketal derivative thereof, or 
a ketal derivative thereof formed with a lower alkyl 
diol, where Ri is —(CH 2 )mCH 3 where m is 0 - 4 , or a 
pharmaceutically acceptable salt of the compound de- 45 
fined in said formula. 

13. A compound of claim 12 where B is —COOH or 
a pharmaceutically acceptable salt, lower alkyl ester or 
mono- or di-lower alkyl amide thereof. 

14. 6-(2-(4 l 4-dimethylchroman-6-yl)ethynyl)nicotinic 50 

acid or a pharmaceutically acceptable salt thereof. 

15. Ethyl 6-(2-(4 l 4-dimethylchroman-6-yl)ethynyl)- 
nicotinate. 

16. A compound of claim 12 where B is —CH 2 OH or 

a lower alkyl ether or lower alkyl acid ester thereof. 55 

17. A compound of claim 12 where B is —CHO or an 
acetal derivative thereof. 

18. A pharmaceutical composition comprising a phar¬ 
maceutically acceptable excipient and a compound of 
the formula 



where X is S or O; R is hydrogen or lower alkyl; R 2 is 
methyl; A is pyridyl; n is 0-2; and B is H. —COOH or 
a pharmaceutically acceptable salt thereof, or an ester 
thereof with a saturated aliphatic alcohol of ten or 
fewer carbon atoms, or with a cyclic or saturated ali¬ 
phatic cyclic alcohol of 5 to 10 carbon atoms, or with 
phenol or with a lower alkylphenol, or an amide or a 
mono or di-substituted amide thereof, the subtituents on 
the amide being selected from a group consisting of 
saturated aliphatic radicals of ten or fewer carbon 
atoms, cyclic or saturated aliphatic cyclic radicals of 5 
to 10 carbon atoms, and phenyl or lower alkylphenyl 
radicals, or B is CH 2 OH or an ester derivative thereof 
derived from a saturated aliphatic acid of ten or fewer 
carbon atoms, or from a cyclic or saturated aliphatic 
cyclic acid of 5 to 10 carbon atoms, or from benzoic 
acid, or an ether derivative thereof derived from a satu¬ 
rated aliphatic radical of ten or fewer carbon atoms, or 
from a cyclic or saturated aliphatic cyclic radical of 5 to 
10 carbon atoms, or from phenyl or lower alkylphenyl 
radical, or B is —CHO or a lower alkyl acetal deriva¬ 
tive thereof, or an acetal derivative thereof formed with 
a lower alkyl diol, or B is —CORi or a lower alkyl ketal 
derivative thereof, or a ketal derivative thereof formed 
with a lower alkyl diol, where Ri is —(CH 2 > m CH 3 
where m is 0-4, or a pharmaceutically acceptable salt of 
the compound defined in said formula. 

19. A method of treating psoriasis in a mammal which 
method comprises administering alone or in conjunc¬ 
tion with a pharmaceutically acceptable excipient, a 
therapeutically effective amount of a compound of the 
formula 



where X is S or O; R is hydrogen or lower alkyl; R 2 is 
methyl; A is pyridyl; n is 0-2; and B is H, —COOH or 
a pharmaceutically acceptable salt thereof, or an ester 
thereof with a saturated aliphatic alcohol of ten or 
fewer carbon atoms, or with a cyclic or saturated ali¬ 
phatic cyclic alcohol of 5 to 10 carbon atoms, or with 
phenol or with a lower alkylphenol, or an amide or a 
mono or di-substituted amide thereof, the subtituents on 
the amide being selected from a group consisting of 
saturated aliphatic radicals of ten or fewer carbon 
atoms, cyclic or saturated aliphatic cyclic radicals of 5 
to 10 carbon atoms, and phenyl or lower alkylphenyl 
rad i ca l s, or B is CH 2 OH or an ester derivative thereof 
derived from a saturated aliphatic acid of ten or fewer 
carbon atoms, or from a cyclic or saturated aliphatic 
cyclic acid of 5 to 10 carbon atoms, or from benzoic 
acid, or an ether derivative thereof derived from a satu¬ 
rated aliphatic radical of ten or fewer carbon atoms, or 
from a cyclic or saturated aliphatic cyclic radical of 5 to 
10 carbon atoms, or from phenyl or lower alkylphenyl 
radical, or B is —CHO or a lower alkyl acetal deriva¬ 
tive thereof, or an acetal derivative thereof formed with 
a lower alkyl diol, or B is —CORi or a lower alkyl ketal 
derivative thereof, or a ketal derivative thereof formed 
with a lower alkyl diol, where Ri is —(CH 2 ) m CH 3 
where m is 0-4, or a pharmaceutically acceptable salt of 
the compound defined in said formula. 
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STATEMENT IN ACCORDANCE WITH 37 CFR 5 1.740(a)(10) 

(a) U.S. Patent No. 5,089,509 issued on February 18, 

1992. 

(b) Application for investigation New Drug Exemption 
(IND) for Tazarotene (Tazorac®) gel was effective on February 
16, 1990 IND. No. 34-212. 

(c) New Drug Application (NDA) for Tazarotene 

(Tazorac®) was initially submitted on June 19, 1995 as NDA 

20-600. 

(d) NDA 20-600 for Tazarotene (Tazorac®) was approved 
on June 13, 1997. 




ATTACHMENT F 


Brief Description, in accordance with 37 CFR 1.740(11), of significant activities 
undertaken by marketing applicant during regulatory review period with respect to 

TAZORAC®. 


On January 16, 1990, IND 34-212 was filed with the Food and Drug Administration in 
accordance with the applicable laws and regulations to enable Allergan to test its 
proprietary retinoid compound, Tazarotene, for treating acne and psoriasis in human 
patients. In accordance with the FDA regulations, this IND became active on February 
16, 1990. (The FDA requested a correction of the cover sheet of such IND which was 
submitted on January 12, 1990.) 

Subsequently, the FDA requested additional information regarding the formulations 
which were to be tested under such IND and also pointed out there were certain pages 
missing from a submitted Pharmacokinetic Study. Allergan responded by filing 
Amendments on March 13, 1990, and May 18, 1990, respectively, to correct these 
omissions. A further Amendment was submitted to the FDA on July 26, 1990, to 
provide an additional Pharmacokinetic Study, a Toxicology Study and a Summary of 
Human Study Results, including an Updated Investigators. Brochure and New 
Investigator Data. On August 31, 1990, Allergan filed a Phase I Clinical Information 
Amendment which included a final report for a Human Clinical Study that had been 
completed. Subsequently, on October 4, 1990, another report of a completed Human 
Clinical Study was filed. On February 22, 1991, Allergan filed a Human 
Pharmacokinetic Clinical Protocol Submission. The Annual Report, which is due 60 
days from the anniversary of the effective date of the IND, was filed in a timely fashion 
on February 28, 1991. 



A new Protocol, directed to the treatment of human patients suffering from acne and/or 
psoriasis, as opposed to healthy volunteers, and a Protocol for an In-vitro assay of 

(H) 

blood plasma for presence of the active ingredient of TAZORAC , i.e., Tazarotene, 

was filed on August 2, 1991. On September 27, 1991, a final report of another Human 
Clinical Study was filed. This Study was labeled “R168-110-8225.” On October 29, 
1991, Allergan filed an Amendment presenting monkey pharmacokinetic data as a 
final report. December 20, 1991, a Clinical Protocol was submitted for human clinical 
pharmacokinetic data. In response to a request from the FDA, Allergan filed on 
January 29, 1992, an in-progress Toxicology and Pharmacokinetic Information 
Statement and proposed Amendments to determine the status of Allergan’s clinical 

® 

studies on TAZORAC . Allergan requested a meeting with the FDA on its non-clinical 

development plan on March 12, 1992. On March 20, 1992, Allergan withdrew the 
Toxicology and Pharmacokinetic Information Statement that was filed on January 29, 
1992 due to Allergan’s desire to reschedule the meeting to include Allergan personnel 
not available on March 12, 1997. Because of the workload resulting from the clinical 
development of another Allergan dermatological product, Allergan notified the FDA on 
April 16, 1992 that there would be a delay in filing the Annual Progress Report On 
May 12, 1992, Allergan filed an Amendment to the IND and a corrected FDA 1571 
Form. The IND Annual Progress Report was ultimately filed on June 10,1992. 

Allergan met with the FDA on June 4, 1992, to discuss its pre-clinical development 
plans. The minutes from this meeting were sent to the FDA on June 24, 1992. (Since 
it had not been submitted earlier, on November 17, 1992, Allergan faxed the FDA the 
agenda for this meeting.) On August 12, 1992, Allergan filed an Information 
Amendment which updated the Clinical Investigators Brochure, and provided a non- 
clinical pharmacokinetic final report. On August 20, 1992, Allergan requested a 
meeting to discuss the end-of-Phase II data. On September 23, 1992, Allergan filed a 
Dose Ranging Carcinogenicity Study Final Report for Rats. Allergan provided 
information to the FDA for the requested end of Phase II meeting, by separate 


2 



F 


communications dated November 18 and December 8, 1992. This meeting was held 
on December 10, 1992 and the minutes were filed on February 10, 1993. On June 16, 
1993, Allergan mailed the minutes and summary of the above meeting with the FDA 
on December 10, 1992 . The IND Annual Report was again delayed, due to the 
workload of Allergan personnel, therefore FDA was notified on April 7, 1993 of such 
late filing as permitted by FDA Regulations. On May 5, 1993, Allergan filed a Protocol 
Amendment and a New Protocol fora Pivotal Study, designated as R168-120-8606. 
On June 15, 1993, it was necessary to file an IND Safety Report as a result of a heart- 

attack death of a patient in a clinical trial with TAZORAC ; however, the use of 

TAZORAC was not implicated in this incident. On July 13, 1993, Allergan filed the 

Annual Progress Report and Amendments. This included Final Reports on Clinical 
Trials R168-150-7997, and R168-120-8225 entitled Percutaneous absorption and 
mass balance of 14 C-AGN 190168 0.1% gel following topical administration to healthy 
subjects and Safety and efficacy of once-daily AGN 190168 in the treatment of acne 
vulgaris: AGN 190168 0.05% and 0.1% gels versus vehicle gel, respectively. (Note 
AGN 190168 is Allergan’s in-house designation for Tazarotene.) The following pre- 
clinical reports were also filed at this time: 

Final Report: 1643B 2667.17: Acute, single dose topical skin toxicity study in 
male and female rates with various concentrations of AGN 190168 
gels followed by fourteen days of observations. 

Final Report: 1643B-1667-15: Acute, single dose toxicity study (intact-occluded) 
in the male and female rabbits and various concentrations of AGN 
190168 gels followed by 14 days of observations. 

Final Report: 440A-601-234-91; A three month dermal toxicity study of AGN 

190168 in Hanford miniswine. 

Final Report: HWA 985 120: A six month oral toxicity study of AGN 190168 in 
monkeys with a recovery period. 

Final Report: ALG 18/920710: AGN 190168—Preliminary toxicity study in rats by 
repeated dietary administration for 13 weeks. 
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Final Report: 1643B-2667-16: Acute single dose toxicity study (abrade- 
occluded) in male and female rabbits with various concentrations of 
AGN 190168 gels followed by 14 days of observations. 

Final Report: SLS 3202.7: A dermal fertility and general reproduction study in 
rats with AGN 190168 (segment I). 

Final Report: 1643-1725-2: Six month skin toxicity study of multiple topical 
applications with preparations of AGN 190168 in male and female 
rats. 

Summary Report: C-1801-001P: Dose selection for photocarcinogenicity study in 

hairless mice. 

On September 23, 1993, a Toxicology Information Amendment was filed. This 
Amendment included the following: 

Protocol: Dose selection for dermal carcinogenicity study in mice. 

Final Report: Range finding Tolerance Study of AGN 190168 (topical) in albino 

hairless mice (for photocarcinogenicity study). 

Final Report: A dermal prenatal and postnatal study in rats with AGN 190168 

(segment III). 

On October 21, 1993, a Clinical Information Amendment was filed. This Amendment 
included the following studies: 

1. R168-121-8606: Safety and efficacy of once-daily AGN 190168 0.1% Gel or 
0.05% Gel versus vehicle gel in stable plaque psoriasis. 

2. R168-125-8606: Safety, efficacy and duration of therapeutic effect of AGN 

® 

190158 0.1% or 0.05% Gel applied once-daily versus Lidex (fluocinonide) 

0.05% Cream applied twice-daily in stable plaque psoriasis. 

3. R179-126-8606: Safety, efficacy and duration of therapeutic effect of AGN 

190158 0.1% or 0.05% Gel applied once-daily versus Lidex (fluocinonide) 
0.05% Cream applied twice-daily in stable plaque psoriasis. 
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4. R168-221-8606: Safety and efficacy of AGN 190168 in the treatment of acne 

vulgaris: AGN 190168 0.1% and 0.05% Gels versus vehicle gel. 

On March 29, 1994, Allergan filed the IND Safety Report and, on April 1, 1994, a 
Notice that the IND Annual Report would be delayed was submitted to the FDA. The 
IND Annual Report along with the Toxicology Information Amendment was ultimately 
filed on June 17, 1994? This report included a clinical update on studies R120, 121, 
125, 126 and 128. The following final reports were also submitted: 

Clinical Update: R168-120, 121, 125, 126, 128 
Final Reports: 

Study #1643B-2970-3: AGN 190168, Single dose ocular safety study in albino 

rabbits 

Study #1643B-2970-5: AGN 190168, Single dose infusion study in albino 

rabbits 

Study #440B-602-244-91 : 12 Month dermal toxicity study of AGN 190168 in 

Handford miniswine 

Study #PK-94-031: Tissue distribution of radioactivity following a single 

intervenous dose 

Study #PK-94-040: Skin distribution of 14 C-AGN 190168 following single and 

multiple topical administration of a 0.1% gel to the skin of 
male mini pigs 

Also, on June 17, 1994, a Toxicology Information Amendment was submitted to the 
FDA, which informed the FDA of changes to the Protocol for the 18-Month Dermal 
Carcinogenicity Study In Mice. On July 19, 1994, Allergan requested a pre-NDA 
meeting, and provided background data for that meeting on September 1, 1994. This 
meeting was held on October 24, 1994, and the minutes were submitted to the FDA on 
November 3, 1994. 

( 

On November 22, 1994, Allergan filed an Amendment to the Chemical Manufacturing 
Control regarding validation of the bulk drug substance. On December 8, 1994, 
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Allergan filed a Clinical Information Amendment for a new route of administration of 
Tazarotene, that is I.V. Dosing. The Annual Progress Report was filed timely on March 
13, 1995. A Toxicology Information Amendment was filed on April 10, 1995, which 
reported the end of the Mouse Carcinogenicity Study at 21 months. 

On June 16, 1995, a New Drug Application, NDA 20-600, was filed and accepted three 
days later, on June 19,~1995. 

Allergan received a Not Approvable Letter of its NDA on June 6, 1996 (a copy of which 
is attached hereto), which raised Chemical, Manufacturing and Control (CMC), Bio 
Pharmaceutics, Microbiology, Clinical and Pharmacology issues. Allergan responded 
to this Not Approvable Letter on June 27, 1996, and subsequently received an 
Approvable Letter on December 30, 1996 (a copy of which is attached hereto). The 
only issues remaining were labeling, pregnancy issues, and issues concerning the 
pharmacokinetic profile. Allergan responded to this Approvable Letter on January 17, 
1997, and submitted a new Pharmacokinetic Study which overcame certain of the 
labeling issues and resulted in a more accurate pharmacokinetic profile for 

TAZORAC®. 


Allergan received its Approval Letter on June 13, 1997 timely (a copy of which is 
attached hereto). 

The above incidents and dates are set forth in Exhibit A, which is attached to and 
made a part of this Attachment F 
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EXHIBIT a 



TAZORAC® 



IND 34,212 




DATE 

SERIAL 

SUBJECT/CONTENT 

SUBMITTED 

NUMBER 

The Investigational New Drug Application (IND) was filed 

01/16/90 

000 

Replacement Cover Sheet for IND 

01/12/90 

001 

Amendment 

03/13/90 

002 

Amendment 

05/18/90 

003 

Amendment 

07/26/90 

004 

Phase 1 Clinical Information Amendment 

08/31/90 

005 

Phase 1 Clinical Information Amendment 

10/94/90 

006 

Clinical Protocol Submission 

02/22/91 

007 

Annual Report 

02/28/91 

008 

Clinical & Pharmacokinetics Amendments 

08/02/91 

009 

Final Report of Study R168-110-8225 

09/27/91 

010 

Pharmacokinetic Amendment 

10/29/91 

011 

Clinical Protocol Submission 

12/20/91 

012 

Toxicology and Pharmacokinetics Amendment 

01/29/92 

013 

Request for FDA Meeting 

03/12/92 

013B 

Toxicology and withdrawal of Document Serial No. 013 

03/20/92 

014 

Notice of Delay in the Annual Filing Report 

04/16/92 

015 

Amendment to IND (Corrected FDA 1571) 

05/12/92 

017 

IND Annual Progress Report 

06/10/92 

018 

Meeting minutes from 6/4/92 FDA meeting 

06/24/92 

019 

Pharmacokinetic and Clinical Amendments 

08/12/92 

020 

Request for End of Phase II Meeting 

08/20/92 

021 

Dose Ranging Carcinogenicity Study (Rats) 

09/23/92 

022 

Agenda for End of Phase II Meeting 

11/17/92 


Information for End of Phase II Meeting 

11/18/92 

. 023 

Information for End of Phase II Meeting 

12/08/92 

024 

Minutes of End of Phase II Meeting 

02/10/93 

025 

Delay in Filing Annual Report 

04/07/93 

026 
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TAZORAC® 

IND 34,212 

DATE 

SERIAL 

SUBJECT/CONTENT 

SUBMITTED 

NUMBER 

Protocol Amendment/New Protocol 

05/05/93 

027 

IND Safety Report 

06/15/93 

028 

Minutes/Summary of End of Phase II Meeting 

06/16/93 

029 

Annual Report & Amendments 

07/13/93 

030 

Toxicology Amendment 

09/23/93 

031 

Clinical Amendments 

10/21/93 

032 

IND Safety Report 

03/29/94 

033 

Delay in Filing Annual Report 

04/01/94 

034 

IND Annual Report & Toxicology Amendments 

06/17/94 

035 

Toxicology Amendment 

06/17/94 

036 

Request for Pre-NDA Meeting 

07/19/94 

037. 

Background data for Pre-NDA Meeting 

09/01/94 

038 

Reschedule Pre-NDA Meeting 

09/24/94 

039 

Pre-NDA Meeting Minutes 

11/03/94 

040 

CMC Amendment 

11/22/94 

041 

Clinical Information Amendment 

12/08/94 

042 

Annual Report 

03/13/95 

' 043 

Toxicology Amendment 

04/10/95 

044 

NDA was Accepted for Filing 

06/19/95 


Not Approvable Letter Received 

06/06/96 


Response to Not Approvable Letter 

06/27/96 


Approvable Letter Received 

12/30/96 


Response to Approvable Letter 

01/17/97 


Approval Letter Received 

06/13/97 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 


NDA 20-600 


Public Health Service 


Food and Drug Administration 
Rockville MD 20857 


Allergan, Inc. 

Attention: Trudy A. Rumbaugh, M.D. 
Director, Global Regulatory Affairs, Retinoids 
2525 Dupont Drive 
P.O. Box 19534 
Irvine, CA 92713-9534 

Dear Dr. Rumbaugh: 


RECEIVED ® 30/996 

DEC 3 1 1996 

ALLERGAN PHARMACEUTICALS 
REGULATORY AFFAIRS 


Please refer to your June 16, 1995, New Drug Application (NDA) submitted under section 
505(b) of the Federal Food, Drug, and Cosmetic Act for Tazorac (tazarotene gel) Topical Gel 
0.05% and 0.1%. 


Please refer to your Not Approvable letter dated June 6, 1996. 

We acknowledge receipt of your amendments and correspondence dated June 27, and 28, July 
11, 22, and 30, September 4, and 18, October 18, and 29, November 14, 18, and 26, December 2 
4. 5, and 1 1, 1996. 

This new drug application provides for the treatment of acne vulgaris and plaque psoriasis. 

We have completed the review of this application as submitted with the draft labeling of June 
22, 1995. Tazarotene gel, 0.05%, is approvable for the daily topical treatment of stable plaque 
psoriasis covering not more than 20% of body surface area. Tazarotene gel, 0.1 %. is 
approvable for the daily topical treatment of stable plaque psoriasis covering not more than 
20% of body surface area and in the treatment of mild to moderate facial acne vulgaris. Before 
this application may be approved, however, it will be necessary for you to submit the 
following information: 

1. Revised draft labeling identical in content to the enclosed draft labeling. The proposed 
Tradename, Tazorac, for this drug product, was found acceptable. 

2. Although study R168-146-8606, a phase 3 trial being conducted in the U.K., has not 
been unblinded, available safety data is needed. I 

3. The Study Report for R168-722-8606 has been submitted previously. The only 
additional information in this submission was a Table of ALL adverse events shown in 
the Safety Update (Safety Update Table 2c from 6/27/96 submission, p. 1-050). The 
data from the table does not agree with that in the study report (Table 8 of study report, 
P- 4-069 of 6/27/96 submission). The differences should be explained. 
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4. In R168-128-8606, documentation of an allergic component was not presented. You 
subsequently argued that the reactions represent local irritation produced by tazarotene 
gel. However, this is still classified as an allergic contact dermatitis in the data analysis 
A correction of this is needed. 

5. An analysis is needed of the age subsets within those patients less than 45 years of age 
in acne studies. 

6. Information on follow-up of the three babies bom of mothers who became pregnant 
while being treated with tazarotene in the clinical trials is needed. In addition, plasma 
drug levels from subject C14 in Study R168-221-8606 taken when pregnancy was 
discovered should be presented. 

7. Please submit a commitment to conduct the following Phase 4 Study within 6 months of 
an Approval Letter: 

A pharmacokinetic study clarifying the systemic exposure to and distribution of 
AGN 190299, the active metabolite of tazarotene, following long term use in 
psoriatic patients. 

Protocols, data, and final reports, should be submitted to your IND for this product and a copy 
of the submission also submitted to the NDA. 

Should an IND not be required to meet your Phase 4 commitment, please submit protocol, 
data, and final reports to this NDA as correspondences. For administrative purposes, all 
submissions, including labeling supplements, relating to Phase 4 commitments must be clearly 
designated "Phase 4 Commitments." 

8. Please submit a commitment to provide the following: 

a. A follow-up on the incidence of photosensitivity associated with long-term use 
of tazarotene. 

b. Establishment of a registry for women who become pregnant while being treated 
with tazarotene and submit reports on follow-up of these women and the babies 
subsequently bom. 

c. A description of the scale-up procedures for the bulk drug substance at the 
Torcan and Cambridge manufacturing facilities. 
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d. The results of a gender analysis on PK study 190168-004 should be submitted 
when the study is completed. 

Under 21 CFR 3l4.50(d)(5)(vi)(b), we request that you update your NDA by submitting all 
safety information you now have regarding your new drug. Please provide updated 
information as listed below: 

1. Retabulate all safety data including results of trials that were still ongoing at the 
time of NDA submission. The tabulation can take the same form as in your 
initial submission. Tables comparing adverse reactions at the time the NDA 
was submitted ys now will certainly facilitate review. 

2. Retabulate drop-outs with new drop-outs identified. Discuss, if appropriate. 

3. Provide details of significant changes or findings, if any. 

4. Summarize worldwide experience on the safety of this drug. 

5. Submit case report forms for each patient who died during a clinical study or 
who did not complete a study because of an adverse event. 

Please also update the new drug application with respect to reports of relevant safety 
information, including all deaths and any adverse events that led to discontinuation of the drug 
and any information suggesting a substantial difference in the rate of occurrence of common 
but less serious adverse events. The update should cover all studies and uses of the drug 
including: (1) those involving indications not being sought in the present submission, (2) other 
dosage forms, and (3) other dose levels, etc. 

Validation of the regulatory methods has not been completed. At the present time, it is the policy 
of the Center not to withhold approval because the methods are being validated. Nevertheless, 
we expect your continued cooperation to resolve any problems that may be identified. 

In addition, please submit three copies of the introductory promotional material that you 
propose to use for this product. All proposed materials should be submitted in draft or mock- 
up form, not final print. Please submit one copy to this Division and two copies of both the 
promotional material and the package insert directly ro: 
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Food and Drug Administration 

Division of Drug Marketing, Advertising and Communications, 
HFD-40 

5600 Fishers Lane 
Rockville, Maryland 20857 

Within 10 days after the date of this letter, you are required to amend the application, notify us 
of your intent to file an amendment, or follow one of your other options under 21 CFR 
314.110. In the absence of such action FDA may lake action to withdraw the application. 

The drug may not be legally marketed until you have been notified in writing that the 
application is approved. 

Should you have any questions, please contact: 

Frank H. Cross, Jr., M.A., LCDR 
Project Manager 
Telephone: (301) 827-2020 


Sincerely yours, 

it-/ 7 ‘fit 

Michael Weintraub, M.D. 

Director 

Office of Drug Evaluation V 

Center for Drug Evaluation and Research 


Enclosure 
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The reviewers for this application consisted of: 

Jonathan K. Wilkin, M.D., Division Director, DDDDP, HFD-540 

Linda Katz. M.D., Deputy Division Director, DDDDP, HFD-S40 

Hon-Sum Ko, M.D., Medical Officer, DDDDP, HFD-540 

R. Srinivasan, Ph.D., Biostatistics Team Leader, DOBIV, HFD-725 

Steve Thomson, Ph.D., Biostatistician, DOBIV, HFD-725 

Abby Jacobs, Ph D., Pharmacology/Toxicology Team Leader, DDDDP, HFD-540 

Hilary Sheevers, Ph.D., Toxicologist, DDDDP, HFD-540 

Amy Nostrandt, D.V.M., Ph.D., Toxicologist, DDDDP, HFD-540 

Eric Sheinin, Ph.D., Director, DNDCIII, HFD-830 

Wilson DeCamp. Ph D., Chemistry Team Leader, DNDCIII, HFD-540 

Sydney Gilman, Ph.D., Chemist, DNDCII, HFD-160 

Dennis Bashaw, Ph.D., Biopharmaceutics Team Leader, DPElll, HFD-880 

Sue-Chih Lee, Ph.D., Biophaimaceuticist, DPEIII, HFD-880 

Peter Cooney, Ph.D., Microbiology Supervisor, ONDC, HFD-805 

Patricia Hughes, Ph.D., Microbiologist, ONDC, HFD-805 

Maria Rossana R. Cook, M.B.A., Supervisory Project Manager, DOTCDE, HFD-560 
Mary Jean Kozma-Fomaro, R.N., M.S.A., Supervisory Project Manager, DDDDP. HFD-540 
Frank Cross, Jr., M.A., LCDR. Regulatory Management Officer, DDDDP, HFD-540 


TAZORAC ALLERGAN 

(tazarotene gel) Topical Gel, 0.1% 
(tazarotene gel) Topical Gel, 0.05% 


FOR DERMATOLOGIC USE ONLY 
NOT FOR OPHTHALMIC USE 


DESCRIPTION: 


TAZORAC™ is a translucent, aqueous gel and contains the compound tazarotene, a member of the 

acetytenic class of retino.ds. It is for topical dermatologic use only. The active ingredient is represented 
by the following structural formula: 3 lepresentea 



OCH 


TAZAROTENE 

C^H^NOjS 


Molecular Weight: 351.46 

Chemical Name: ethyl 6-[2-(4,4-dimethylthiochroman-6-yl)-ethynyl] nicotinate 


Contains: 

Active: Tazarotene .. 0.1% or 0.05% (w/w) 

Preservative: Benzyl alcohol. 1.0% (w/w) 

(nactives: Ascorbic acid, butylated hydroxyanisole, butylated hydroxytoluene, carbomer 
934P, edetate disodium, hexylene glycol, purified water, poloxamer 407, polyethylene 
glycol 400, polysorbate 40, and tromethamine. 

CLINICAL PHARMACOLOGY: 

Tazarotene is a retinoid prodrug which is converted to its active form, the cognate carboxylic acid of 
tazarotene (AGN 190299), by rapid deesterification in most biological systems.- AGN 190299 binds to all 
three members of the RAR family of retinoid nuclear receptors, RARa, RARB. and RARy but shows 

relative selectivity for RARfJ and RARy and may modify gene expression. The clinical significance of these 
findings is unknown. 

Psoriasis: The mechanism of tazarotene action in psoriasis is not defined. Topical tazarotene blocks 
induction of mouse epidermal ornithine decarboxylase (ODC) activity, which is associated with cell 

P SS'° n and hyperp,asia ln , cel1 cullure and in vitra models of skin, tazarotene suppresses expression 
of MRPB, a marker of inflammation present in the epidermis,of psoriasis subjects at high levels. In human 
keratinocyte cultures, it inhibits comified envelope formation, whose build-up is an element of the psoriatic 
scale. The clinical significance of these findings is unknown. 

Acne: The mechanism of tazarotene action in acne is not defined. Tazarotene inhibited comeocyte 
accumulation in rhino mouse skin and cross-linked envelope formation in cultured human keratinocytes. 
The clinical significance of these findings is unknown. 

Pharmacokinetics: 

Following topical application, tazarotene undergoes esterase hydrolysis to form its active metabolite, AGN 






190299. The human in vivo studies described below were conducted with the 0.1% gel applied topically at 
approximately 2 mg/cm 2 and left on the skin for 10 to 12 hours. Both the peak plasma concentration 
(Cmax) and area under the plasma concentration-time cun/e (AUC) refer to the active metabolite only. 
Very little parent compound could be detected In the plasma. 

Two single, topical dose studies were conducted using 14 C-tazarotene gel. Systemic absorption as 
determined from radioactivity In the excreta was less than 1% of the applied dose in psoriatic patients 
without occlusion (n=6), and approximately 5% of the applied dose in healthy subjects under occlusion 
(n=6). 

After 7 days of topical dosing on 20% of total body surface in healthy subjects without occlusion (n=24), 
the mean Cmax was 0.7210.58 ng/mL occurring 9 hours after dose application, and the mean AUC,^ ^ 
was 10.1±7.2 ng.hr/mL. Systemic absorption was estimated to be up to 4% of the applied dose. 

Upon repeated topical applications to lesiona! skin in psoriatic patients (n=5), systemic absorption was 
substantially greater. After 14 days of topical dosing without occlusion on involved skin (8 to 18% of total 
body surface area; mean: 13±5%), the mean Cmax was 12.0±7.6 ng/mL occurring 6 hours after topical 
application and the mean AUCo. 24hr was 105155 ng.hr/mL. Extrapolation of these results to represent 
dosing on 20% of total body surface yielded a mean Cmax of 18.9H0.6 ng/mL and mean AUC„. 24nr of 
172108 ng.hr/mL. As much as 25% of the applied dose could be absorbed in some patients. 

The active metabolite, AGN 190299, is highly bound to plasma proteins (>99%) and has an apparent 
plasma half-life of approximately 18 hours. Oxidative metabolism of tazarotene and the active metabolite 
forms sulfoxides, sulfones and other polar metabolites. Both urinary and fecal pathways were found to be 
equally important for the excretion of tazarotene and metabolites. 

In vitro percutaneous absorption studies, using radiolabeled drug and freshly excised human skin or 
human cadaver skin, indicated that approximately 4 to 5% of the applied dose was in the stratum comeum 
(tazarotene; AGN 190299-5; 1) and 2 to 4% was in the viable epidermis-dermis layer (tazarotene: AGN 
190299=2:1) 24 hours after topical application of the gel. 

CLINICAL STUDIES: 

Psoriasis: 

In two large vehicle-controlled clinical studies, tazarotene 0.1% and 0.05% gels applied once daily were 
significantly more effective than vehicle in reducing the severity of the clinical signs of stable plaque 
psoriasis covering less than 20% of body surface area. Differences from baseline (reductions) after 
treatment of lesions for 12 weeks in these two studies are shown in the following Table: 



TAZORAC™, 0.05% Gel 
(N»108; 111) 

TAZORAC™, 0.1% Gel 
(N=108; 112) 

Vehicle Gel 
(N=108; 113) 

Trunk/Arm/Leg 

lesions 

Knee/Elbow 

lesions 

Trunk/Arm/ 
Leg lesions 

Knee/Elbow 

lesions 

T runk/Arm/ 
Leg lesions 

Knee/Elbow 

lesions 

Plaque 

elevation 


■ 

- 

-1.3 

■ 

-1.4 

-1.4 



-0.8 


-0.7 


Scaling 



-i.i 

-0.9 

-1.3 

-1.3 

-1.2 

-1.2 

-0.7 

fi 

-0.6 

Eg 

Erythema 

-1.0 

-0.8 

-0.9 

-0.8 

-1.0 

-1.1 

-1.0 

-0.8 

-0.6 

‘0.5 

-0.5 



Plaque elevation, scaling and erythema scored on a 0-3 scale with 0*none, 1=mlld, 2»moderate and 3 _ severe. 
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Global improvement of 50% or more over baseline at the end of 12 weeks of treatment in these two 
studies is shown in the following Table: 



TAZORAC 

G 

: TW , 0.05% 
el 

TAZORAC 1 

1J , 0.1% Gel 

Vehicle Gel 

100% improvement 

2/81; 

1/93 

0179 

0/69 

1/84; 

0/91 

i75% improvement 

23/81; 

17/93 

30/79; 

17/69 

10/84] 

9/91 

250% improvement 

42/81; 

39/93 

51/79 

36/69 

28/84; 

21/91 

No change or worse 

18/81 j 

22/93 

10/79 

10/69 

29/84; 

38/91 


The 0.1 % gel was more effective than the 0.05% gel, but the 0.05% gel was associated with less local 
Irritation than the 0.1% gel (see ADVERSE REACTIONS section). 


Acne: 

Intwo large vehicle-controlled studies, tazarotene 0.1% gel applied once daily was significantly more 
effective than vehicle in the treatment of facial acne vulgaris of mild to moderate severity. Percent 
reductions in lesion counts after treatment for 12 weeks in these two studies are shown in the following 



TAZORAC™ 0.1% Gel 
(N=150; 149) 

Vehicle Gel •* 

(N=148; 149) 

Noninflammatory lesions 

-55% 

-43% 

-35%; 

-27% 

Inflammatory lesions 

-42% 

-47% 

-30%; 

-28% 

Total lesions 

-52% 

-45% 

-33%; 

-27% 


Global improvement of 50% or more over baseline at the end of 12 weeks of treatment in these two 
studies is shown in the following Table: 



TAZORAC™. 0.1% Gel 

Vehicle Gel 

100% improvement 

1/105; 

0/117 

0/117- 

J0/110 

2 75% improvement 

40/105; 

21/117 

23/117; 

(11/110 

2 50% improvement 

71/105; 

56/117 

47/117 

32/110 

No change or worse 

11/105; 

12/117 

22/117 

32/110 


INDICATIONS AND USAGE: 

TAZORAC"- (tazarotene gel) Topical Gel, 0.05% and 0.1%, are indicated for the topical treatment of 
patients with stable plaque psoriasis of less than 20% surface area involvement 

TAZORAC"* (tazarotene gel) Topical Gel, 0.1%, is also indicated for the topical treatment of patients with 
facial acne vulgaris of mild to moderate severity. 
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Thf - of JAZORAC™ in the treatment of acne previously treated with other retinoids or resistant to 

a^r g ree/e“ hln 20% eStablished ' Safef * has NOT been established for treatment of body swSw 

CONTRAINDICATIONS: 

Retinoids may cause fatal harm when administered to a pregnant woman. In rats, tazarotene 0 05% 
administered topically during gestation days 6 through 17 at 0.25 mg/kg/day (1.5 mg/mVday) resulted in 
reduced fetal body weights and reduced skeletal ossification. Rabbits dosed topically with 250 ug/kg/day 
(2.75 mg/m /day) tazarotene during gestation days 6 through 18 were noted with single incidences of 
known retinoid malformations, including spina bifida, hydrocephaly, and heart anomalies. As with other 
retinoids, teratogenic effects and post-implantation fetal loss were seen when tazarotene was given orallv 
to rats and rabbits at doses producing - 3 and - 15 times, respectively, the systemic exposure (AUC ) 

when eJrtra P° lated for topical treatment of 20% of body surface area THUS 
SYSTEMS EXPOSURE IN TOPICALLY TREATED PSORIASIS PATIENTS (FOR USE ON UP TO 20% 
OF BODY SURFACE AREA) COULD BE IN THE SAME ORDER OF MAGNITUDE AS IN THESE 
ORALLY TREATED ANIMALS. Systemic exposure anticipated in the treatment of facial acne may be |*»ss 
due to a more limited area of application. When rats were administered 0.25 mg/kg/day (1.5 mg/m*/day) of 
tazarotene orally, developmental delays were noted in the offspring. THE SYSTEMIC EXPOSURE 
(AUCo_ 24HH ) IN RATS AT THIS DOSE WAS LESS THAN THAT IN HUMAN PSORIASIS PATIENTS fO 7 
TIMES), WHEN EXTRAPOLATED FOR TREATMENT OF 20% OF BODY SURFACE AREA. Although 
there are no adequate and Well-controlled studies in pregnant women, TAZORAC™ is contraindicated in 
women who are or may become pregnant. If this drug is used during pregnancy, or if the patient becomes 
pregnant while taking this drug, treatment should be discontinued and the patient apprised of the potential 
hazard to the fetus. Women of child-bearing potential should be warned of the potential risk and use "* 
adequate birth-control measures when TAZORAC™ is used. The possibility that a woman of childbearing 
potential is pregnant at the time of institution of therapy should be considered. 


TAZORAC™ is contraindicated in individuals who have shown hypersensitivity to any of its components. 
WARNINGS: 

Pregnancy Category X. See 'CONTRAINDICATIONS’ section. Women of child-bearing potential should 
use adequate birth-control measures when TAZORAC™ is used. The possibility that a woman of 
childbearing potential is pregnant at the time of institution of therapy should be considered. 

Retinoids should not be used on eczematous skin, as they may cause severe irritation. 

Because of heightened burning susceptibility, exposure to sunlight (including sunlamps) should be 
avoided or minimized during use of TAZORAC™. Patients must be warned to use sunscreens (minimum 
SPF of 15) and protective clothing when using TAZORAC™. Patients with sunburn should be advised not 
to use TAZORAC until fully recovered. Patients who may have considerable sun exposure due to their 
occupation and those patients with inherent sensitivity to sunlight should exercise particular caution when 

using TAZORAC and assure that the precautions outlined in the Information for Patients subsection are 
observed. 

TAZORAC™ should not be administered if the patient is also taking drugs known to be photosensitizers 
(e.g., thiazides, tetracyclines, fluoroquinolones, phenothiazines, sulfonamides) because of the possibility 
of augmented phototoxicity. 

The safety of use over more than 20% of body surface area has not been established in psoriasis or acne. 
PRECAUTIONS: 

General: TAZORAC™ should only be applied to the affected areas. For external use only. Avoid contact 
with eyes, eyelids, and mouth. If contact with eyes occurs, rinse thoroughly with water. 
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If pruritus, burning, skin redness or peeling are excessive, the medication should be 
integrity of the skin is restored. 


discontinued 


until the 


TAZORAC™, as a member of the retinoid class, may be teratogenic and/or fetotoxic. 
TAZORaC™ should only be applied before retiring at night. 

Weather extremes, such as wind or cold, may be more Irritating to patients using TAZORAC™. 


The safety of use over more then 20% of body surface area has not been established. 
Information for Patients; See attached Patient Package Insert. 


Drug Interactions: Concomitant dermatologic medications and cosmetics that have 
effect should be avoided. It is also advisable to -rest" a patient's skin until the effects 
subside before use of TAZORAC™ is begun 


a strong drying 
of such preparations 


Carcinogenesis, mutagenesis, impairment of fertility: Long-term studies of tazarotene following oral 
administration of 0.025. 0.050 and 0.125 mg/kg/day to rats showed no indications of increased 
carcinogenic risks. However, in other rat studies, oral doses twice that of the highest dose in the rat 
carcinogenicity study produced an AUC*** that was less (0.7 times) than that in topically treated psoriatic 
patients extrapolated for treatment of 20% of body surface area. In evaluation of photocarcinogenicitv 
median time to onset of tumors was decreased and the number of tumors increased in hairless mice 
following chronic topical dosing with intercurrent exposure to ultraviolet radiation at tazarotene 
concentrations of 0.001%, 0.005%, and 0.01% for up to 40 weeks. 


Tazarotene was found to be non-mutagenic in the Ames assay and did not produce structural 
^™“ l !l al aberrations in a human lymphocyte assay. Tazarotene was also non-mutagenic in the 
CHO/HPRT mammalian cell forward gene mutation assay and was non-clastogenic in the in vivo mouse 
micronucleus test. 


No impairment of fertility occurred in rats when male animals were treated for 70 days prior to mating and 
female animals were treated for 14 days prior to mating and continuing through gestation and lactation 
with topical doses of TAZORAC™ Gel of up to 0.125 mg/kg/day (0.738 mg/rrri/day). 


Reproductive capabilities of FI animals, including F2 survival and development, were not affected bv 
topical administration of TAZORAC™ Gel to female F0 parental rats from gestation day 16 through 
lactation day 20 at the maximum tolerated dose of 0.125 mg/kg/day (0.738 mg/m 2 /day). 


Pregnancy: Pregnancy Category X. See “CONTRAINDICATIONS- section. Women of child-bearing 
potential should use adequate birth-control measures when TAZORAC™ is used. The possibility that a 
woman of childbearing potential is pregnant at the time of institution of therapy should be considered. 


Nursing mothers: After single topical doses of "C-tazarotene to the skin of lactating rats, secretion of 
radioactivity was detected in milk, suggesting that there would be transfer of drug-related material to the 
offspring via milk. It is not known whether this drug is excreted in human milk. Caution should be 
exercised when tazarotene is administered to a nursing woman. 


Pediatric Use: The safety and efficacy of tazarotene have not been established in pediatric patients 
under the age of 12 years. 


AOVERSE REACTIONS: 

The most frequent adverse reactions reported during clinical trials with TAZORAC™ included: 
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Psoriasis: 

*■* 

TAZORAC™, 0.05% Gel 
(N=219) 


Patients with AE 

Patients with treatment-related AE 
Withdrawal due to AE 


Pruritus 

Buming/stinging 

Erythema 

Worsening of psoriasis 

Irritation 

Skin Pain 

Rash 

Desquamation 

Irritant contact dermatitis 

Skin Inflammation 

Pissurlng 

Bleeding 

Dry Skin 


AE-adverse events 


69% 

39% 

10 % 


21 % 

15 % 

11 % 

8% 

6 % 

6% 

5% 

2 % 

2 % 

< 1 % 

2 % 

< 1 % 

2 % 


TAZORAC™, 0.1% Gel 
(N-220) 


70% 

54% 

15% 


27% 

17 % 

.15% 

13 % 

12% 

10% 

6 % 

4% 

4% 

3% 

1% 

1 % 

1 % 


Vehicle Gel 
(N=221) 


56% 

21 % 

5% 


12 % 

5% 

2 % 

9% 

< 1 % 

3% 

2% 

0 

< 1 % 

3% 

1 % 

< 1 % 

1 % 


Sl y 3SlT£ ti0n810 ' eSit ?lf T? TA20RAC ™ °- 1% or 005% Gel were made for 12 months in a long- 

fourth n l2«r 0na *l' S ' Th ® follow,n 9 ,ncrease «n incidence of adverse reactions has been noted over the 
fourth to twelfth months as compared to the first 3 months: 
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Acne: 

The following Table shows the incidence of adverse reactions in two large vehicle-controlled clinical 
studies in which tazarotene 0.1% gel was applied once dally to facial acne: 



TAZORAC™, 0.1% Gel 

Vehicle Gel 


(N=299) 

(N=297) 

Patients with AE 

59% 

38% 

Patients with treatment-related AE 

47% 

15% 

Withdrawal due to AE 

7% 

2% 

Desquamation 

28% 

2% 

Burning/stjnglng 

26% 

3% 

Dry skin 

20% 

5% 

Erythema 

18% 

0 

Pruritus 

12% 

7% 

Irritation 

5% 

1% 

Skin pain 

2% 

0 

Fissuring 

1% 

0 

Localized edema 

1% 

0 

Skin discoloration 

1% 

0 


AE^advervo events 


In human dermal safety studies, tazarotene 0.1% and 0.05% gels did not induce contact sensitization, 
phototoxicity or photoaliergy. Cumulative irritancy tests showed that tazarotene might be more irritating 
than tretinoin when applied topically at the same concentration. 

OVERDOSAGE: 

Excessive topical use of TAZORAC™ may lead to marked redness, peeling, or discomfort (see 
PRECAUTIONS). Inadvertent oral ingestion of the drug may lead to the same adverse effects as those 
associated with excessive oral intake of Vitamin A (hypervitaminosis A) or other retinoids. If accidental 
oral ingestion occurs, the patient should be monitored, and appropriate supportive measures should be 
administered as necessary. 

DOSAGE AND ADMINISTRATION: 

General: Application may cause a transitory feeling of burning or stinging. If irritation is excessive, 
application should be discontinued. 

For psoriasis. Apply TAZORAC™ once a day. in the evening, to psoriatic lesions, using enough (2 
mg/cm 2 ) to cover only the lesion with a thin film, if a bath or shower is taken prior to application, the skin 
should be dry before applying the gel. If emollients are used, they should be applied and allowed to 
absorb into the skin before application of TAZORAC™. Because unaffected skin may be more 
susceptible to irritation, application of tazarotene to these areas should be carefully avoided. TAZORAC™ 
was investigated for up to 12 months during clinical trials for psoriasis. 

For acne: Cleanse the face gently. After the skin is dry, apply a thin film of TAZORAC™ (2 mg/cm 2 ) 
once a day, in the evening, to the skin where acne lesions appear. Use enough to cover the entire 
affected area. TAZORAC™ was investigated for up to 12 weeks during clinical trials for acne. 

HOW SUPPLIED: 

TAZORAC™ (tazarotene) Gel is available in concentrations of 0.1% and 0.05%. It comes in collapsible 
aluminum tubes, in 10 gram, 30 gm and 100 gm sizes. 
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10 gm 
30 gm 
100 gm 


TAZORAC™ Gel 0.05% 
NDC 0023-XXXX-XX 
NDC 0023-XXXX-XX 
NDC 0023-XXXX-XX 


TAZORAC™ Gel 0.1% 
NDC 0023-XXXX-XX 
NDC 0023-XXXX-XX 
NDC 0023-XXXX-XX 


NOTE: TAZORAC™ gel should be stored at 25°C (77°F): excursion permitted to 15-30°C (59-86 Q F). 


CAUTION: Federal (U.S.A.) law prohibits dispensing without prescription. 
Facts pertinent to product. 

ALLERGAN Herbert 

Skin Care Division of ALLERGAN, INC. 

Irvine. California 92715, U.&A 


December 1996 


©1995 Allergan, Inc. 
Printed in U.S.A. 


INFORMATION FOR PATIENTS 

Please read this leaflet carefully before you start to use your medicine. If you Have any questions, 
or are not sure about anything, ask your doctor or pharmacist. 

• The active ingredient in TAZORAC™ is tazarotene. 

* TAZORAC™ also contains benzyl alcohol as a preservative and the following inactive ingredients: 
ascorbic acid, butylated hydroxyanisole. butylated hydroxytoluene, carbomer 934P, edetate .- 
disodium, hexylene glycol, purified water, poloxamer 407, polyethylene glycol 400, polysorbate 40, 
and tromethamine. 


USES 

TAZORAC™ 0.05% Gel is used in the treatment of stable plaque psoriasis ONLY. 

TAZORAC™ 0.1% Gel is used in the treatment of stable plaque psoriasis and mild to moderately severe 
facial acne. 

BEFORE YOU USE THIS MEDICINE 
You should be aware that 

(a) TAZORAC™ should not be used if you are pregnant, attempting to become pregnant or at 
high risk of pregnancy. Women of child-bearing potential should use adequate birth- 
control measures when TAZORAC™ is used. 

(b) TAZORAC™ should be used with caution if you are also using other topical agents with a 
strong skin drying effect, products with high concentrations of alcohol, astringents, spices 
or lime, medicated soaps or shampoos, permanent wave solutions, electrolysis, hair 
depilatories or waxes, or other preparations or processes that might dry or irritate the 
skin, unless otherwise instructed by your health care practitioner. 

(c) TAZORAC™ should not be used if you have sunburn, eczema or other chronic skin 
condition(s). TAZORAC™ may cause severe irritation if applied to eczematous skin. 
Because of heightened burning susceptibility, patients with sunburn should not use 
TaZORaC™ until folly recovered. 

(d) TAZORAC™ should not be used if you are inherently sensitive to sunlight. 

(e) TAZORAC™ should not be used if you are taking other drugs that increase your sensitivity 
to sunlight. Inform your physician if you are taking any other medications. 

(f) You should use protective clothing and sunscreens with minimum SPF of 15 during the 
day when being treated with TAZORAC™. You should avoid direct sun exposure as much 
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as possible and avoid sunlamps totally while being treated with TAZORAC™. Following 
discontinuation of TAZORAC™, continued avoidance of the sun and use of a sunscreen 
with a minimum SPF 15 is recommended. 

(g) If you have considerable sun exposure due to occupation, particular caution as described 
above should be exercised when using TAZORAC™. 

(h) Weather extremes, such as wind or cold, may be more irritating to patients usina 
TAZORAC™. 

BEFORE YOU USE THIS MEDICINE 
Tell your doctor 

(a) if you are pregnant or are considering becoming pregnant 

(b) if you are breast-feeding. 

(c) if you are allergic to any ingredients in this medicine. 

(d) if you are already using other products that make your skin dry. 

(e) if you have a skin condition called eczema. 

(f) if you will be having excessive sun exposure. 

(g) if you are taking vitamin A supplements. 

HOW TO USE THIS PRODUCT: 

Read the directions on your prescription label carefully. Ask your doctor or pharmacist to explain 
anything that you do not understand. 

If you become pregnant while using TAZORAC™, you should immediately discontinue its use and 
contact your doctor. •* 

• If you use a cream or lotion to soften or lubncate your skin, apply it to your skin and allow it to 
absorb completely before application of TAZORAC™. 

• After applying TAZORAC™, some people notice a feeling of itching, burning or stinging. This 
feeling may occur less often as your skin gets used to the medication. Discontinue use of 
TAZORAC™ and consult your health care provider if sensitivity or increased chemical irritation 
occurs. 

Oo not cover treatment areas with dressings or bandages. 

Never use more TAZORAC™ than instructed and never use it more often than instructed, as 
application of larger amounts of medication than recommended will not lead to more rapid or 
better results, and marked redness, peeling, or discomfort may occur. 

Wash your hands after applying the medication unless you are treating your hands for psoriasis. 

If the gel accidentally gets on areas you do not need to treat, wash it off. 

If TAZORAC™ comes in contact with your eyes, wash your eyes with large amounts of cool water, 
and contact a doctor If eye irritation persists. 

MISSED DOSES: 

If you forget or miss a dose of TAZORAC™, do not try to "make it up." Return to your normal 
application schedule as soon as you can. 

INSTRUCTIONS SPECIFIC TO TREATMENT OF PSORIASIS. 

If you bathe or shower before using TAZORAC™. be sure the skin is dry before application. 

Apply a thin film of the gel to your psoriasis lesions once a day before going to bed. 

• Carefully avoid application to apparently uninvolved skin. TAZORAC™ may be more irritating to 
non-lesional skin. 

• If you need to treat your hands, avoid contact with your eyes. 

Contact your doctor if your psoriasis becomes worse. 

INSTRUCTIONS SPECIFIC TO TREATMENT OF ACNE: 

Gently clean and dry your face before using TAZORAC™. Apply TAZORAC™ once a day. before 
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MMdl 1 UteMbtoto" WhereVOUh8VeaCneleSiQnS ' UseenOU9hgelt0cover 

~^«5S:'53r ,n ab ° ut 4 weeks ' c °" finue to use tazorac ~ * -p *o 

Contact your doctor if your acne becomes worse. 

WARNINGS ‘ 

pregnancy. Wom^of'’cMdSng ,^221^ Eft"* " "f " Sk of 

TAZORAC™ is used a K ,a use aae quate birtn-control measures when 

If TAZORAC™ is swallowed by accident, contact your doctor or a poison control center. 

Cto not use TAZORAC™ after the expiration date found on the tube 

4 KnST a ^" e —« 

rmnimized dunng use of TAZORAC- You should use sunscreens (minimum SPF oMsTand 
cloihing when using TAZORAC- Oo no! use TAZORAC- until fullvT3ed If you hivel^S^, 
sun esposure due to occupation or if you have inherent sensitivity to sunlight, you shcdd ereTase 
perecutar caution when using TAZORAC- and assure that me precaution" oudncPa " e“ re ohsenred. 

Oo not use TAZORAC— If you are also taking drugs known to he photosensitizers (e g thiazides 
fSotaSP fluoroquino,ones - Phenomiazines. sulfonamides) because of me possibiliiy of augmented 


The safe* of use over more ftan jo* of body surfetre area n.s nof been est.bfcbed in psonasis or acne. 

wh™' k»?’ f ° r use * nd Handling: Keep tube tightly closed when not in use. Store it in a safe Dlace 
where children cannot reach it TAZORAC 7 ** Gel should be ctnrerl at -jc t rtn »c\. n • SaTe P |ace 
to 15 - 30 “C (59-86 °F). w snouio be stored at 25 C (77 F): excursion permitted 

Jfyou have questions about TAZORAC- Galt You may contact Allergan Herbert by calling 80CM33- 


ADDRESS PHONE NUMBER P * 0rUSl ‘ : "" b,ma ' i< ' n is avallable fram Tb = National Psonasis Foundation: 

ALLERGAN Herbert 

Skin Care Division of Allergan, Inc. 

Irvine, California 92713, U S A. 

©1995 Allergan, Inc. 


December 1996 
(PM#) (copy code) 
Printed in U.S.A 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 


NDA 20-600 


Public Health Service 


Food and Drug Administration 
Rockville MD 20857 


Allergan, Inc. 

Attention: Trudy A. Rumbaugh, M.D. JUN 6 1996 

Director, Global Regulatory Affairs, Retinoids 
2525 Dupont Drive - 
P-O. Box 19534 
Irvine, CA 92713-9534 

Dear Dr. Rumbaugh: 

s"rton r 50?r£ IZ J T, 16 ’, L" 5 J ”' W Drug Application (NDA) submitted under 
mdo"% of the Federal Food, Drug, and Cosmetic Act for tazarotene gel, 0.05% 

TT? ° f y0Ur co ™“* a «ion S dated June 22, 28 (two) and 30 July 7 
10 and 26, August 11, September21 ard22, October 17and30 and December IT loos'. 

and January 9, February 5,26 and 27, March 8, 18, 19, and 27, md April 25, 1996.’ ? ’ 

Dus new drug application provides for the treatment of acne vulgaris and plaque 

° fth ' S !ppllca,ion and find the information presented is 
CFR 314 125(b) " * S n °‘ approvabll: und< * section 505(d) ofthe Act and 21 

The deficiencies may be summarized as follows: 



With regard to the descripion and characterization ofthe drug substance 
*e infomuttion presented an page 3-029 is not sufficient to support the 
absenceof polymorphs. Please submit full details ofthe studying hot 
stage microscopy that concludes that no polymorphs were found 
Fmthennore, tt is our suggestion that studies which use Fourier transform 

ffi^al r Ctr T Py °7 IR) - differen ‘ ial SCmni "6 nslntitnetry (DSqTi 

thermal gravimetnc analysis (TGA) in combination with hot siege 

microscopy would be prefixed for demonstrating the presence or absence 
Of polymorphism in AGN ! 90168. Dsence . 
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B. 


F. 


Please provide the full address of the Allergan testing site that nerfbn™ 
Snal release and stability testing of tazarotifne bulk dmg suS" 
Cambridge Chemical and Torcan Chemical. for 

With regard to the synthesis/method of manufacture of the bulk drus 
substance manufactured at Torcan: S 

A. The list of components provided by Torcan for the manufacture of 

tazarotene bulk drug substance (BDS) is incomplete. A list of all ‘ 
components used in steps one through seven should be submitted for 

omevalMtion (l.e 3-meth y l-2-bute n .l-ol, thiophenol, sodium 

50 7 °. aid phosphorous tribromide). When compiling a 

P rov ^ de ^f r: |® c ® tes °f Analysis of starting materials used by 

l7Z^tcZT ^ tnm " 1,yis,ly ' 

Please specify the identity testing that is performed for 

^T* yl ; 2 - bU l Cn t° l Inadditi0n ’ P lease incIudc acceptance 
specifications for this starting material. 

Please provide the procedure used for the purification of ethyl 
^chloronicotmate t.t the Torcan facility. Please include GC and 

such asmT^^ d A0 S 87 ith ^ ° f 

Please provide infoimation to demonstrate that ethyl 

at bot°h r TV, iCOtinat !, "i “ c ° mraerciall y available starting material used 

of a l and '' ambndge ' If is provide full details 

Of the chemistry, mtnufacture, and control of this tatennediate from 
commercially available starting material. 

The specification for the intermediate AGN 190906, B6S8 by GC is 
not less than (NLT) 95% w/w. Please identify any impurities tta 
fotm as byproducts or degmdants . up to 3%. P ‘ 


££:0I 96, i0 Nnr 


£0d 2A0 


daia/«ad 68S9-f6s-T0e 
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G. 


H. 


J. 


Please identify the in-process tests used to detect the formation of the 
n enncdlate product, phenyl(3-methyl butyl-2enyl)sulfide, in step 1 . 

. an ;' impunt,cs that ^ult from byproduct formation 

m lc um S ^'c Wh , e i h , :r therc m my other oth «' identifiable peaks in 
^inuri, a" .^ GI V 2 ° 49 (B?51) ' ln sMMon ’ P'=“= list other 

TanTw * e S,aitU18 material that be Present at less 

than 0.5% with respect to B751. 

The proposal to iniTease the batch size of step 3 from a 30 kg 
reaction scale to a 160 kg reaction scale did not address “scale-up” 

procedures for the remaining steps. Please provide the rationale 

justifying the omission of the “scale-up” procedures. 

We have concerns tbout the capability of Torcan to scale up the 
synthesis. We recommend that a “scaled-up” batch be synthesized 
and analyzed and the data submitted for our evaluation. 

In general, the broadness in “product” yield at each synthetic step in 
the manufacture of AGN 190168 at Toman may imply that the 
consistency in control of the chemical reaction is still being 
evaluated. Please sjbmit a tabular summary of reaction yields at 

evaluatiorT ? S<ePS “ lMSt 3 ° r m ° re Iots ofAGN 190168 for our 

^"Tn«, S c r'°‘ SKp for B660H1 tofroduces an unidentified 
“f S6 ; P ® :lse td e ntifythe standard used. In addition, please 
pro tde the rationale explaining why the the retention times for etude 

“7 “ *:?* min) ’ B662 ’ and tazarotene (Rt 5.0 

min;, B928, are different. 

acUify gard 10 * hC b “ Ik drUg subs,an ' e manufactured at the Cambridge 


K. 


L. 


M. 


£C:0T 96, 10 NOT 


P0d ZL0 
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A. 


B. 


D. 


5. 


Please provide the numerical release specifications for purchased 
and purified I- bromo- 3-mcthyl- 2-butene. 

impurities found in the GC chromatogram on 
page 6-271 for the synthesis of CCI002. 

Please provide tables for components and equipment for steps 1 and 
2, the formation o:: AGN 190906, CCI002. P 

metalS ’ COpper and P aiIadium > which are used in 
2*”“ °(, th: manufacturing process have been 

omitted by the Cambridge facility. A commitment to add this 
control, with a spenfication of not more than 20 ppm, to the release 
controls at the Cambridge facility should be submitted. 

With regard to the regulatory specifications/analytical method: 

f™” ! he . data repcrted ' Jhe nt'lting point of tazarotene may not be a 
crucial release parameter when all the other supportive tests are 
considered. The clange in the melting range specifications at the 
contract manufacturers and at the testing farility for release is not 
consistent. Efforts to abide by USP testing as stated in section 741 
have resulted in the accommodation of the data to fit the 

We «*°nimend that either you return to testing with 
differential scanning calorimetty (DSC) or that you formally 
withdraw this release control due to melting range variability. 

Data from Torcan for the HPLC weight assay has been reported in 
appendix 3.7.4D. Please provide the rationale for the omission of 
*e information on the HPLC weight assay of tazarotene and related 
substances manufactured at the Cambridge facility. 


A. 


B. 


C. 


Prior to evaluating tie method validation of the HPLC weieht 
percent assay procedure for AGN 190168 BDS and related 
substances, the following information is requested: 

i- The accuracy of the method for tazarotene and its impurities, 
ii. Raw data for linearity and precision. 


tf£ ; 0T 96. £0 NOf 


S0d 
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7. 


9. 


With regard to the container/closure system for storage: 

can secondaiy 

tazarutene This info™, * Cambndge facility m stability studios for the 

Ca^br d« ,nH °7 ‘“I 0 " f0r the dru « substance at both the 

Cambridge and Torcan fa cilities. 

With regard to the manuf tcturer of the drug product: 

A.. The testing facility for release and stability testing of the drue 

mTnufaen. f^r" IrVi ” e ' Califomia > "as not reported under 
n factunng facihties. Please submit the full address and specific 
funcon oftbts facility for our review and evaluation P 

' CSting ° f,azaI0te “ gel will be petfonned 
y AHergan (Ireland), please provide full details for drug product 
testing of the qualification lots. S P 


B. 


C. 


sUMitTbato 3 C0I ' y ° f “ batCh re “ rf for * 


With regard to the regulatory specifications/methods: 

JL^suIT^IgnTsowT'' rcla,ed subs,ancc AGN190299 ’ TOd 

With regard to the drug product stability: 

A ' from bo*”T fy ^ l ’^ heS ° f dmg Pr0d “ ct ’ tentative of active 

from both Torcan ar d Cambridge, are assigned as qualification 


t?£:0T 96. <L0 NDf 


90d 2i0 
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B. 


C. 


™H™ m ° EC “ aJ effect at represents a significant 

?8606X alTgsnrvTf TT 8d Stabi ‘ ity ** b0th 
l ,. “ d 8607X-A) within the proposed specifications It is our 

underetending tha: the proposed commercial size batch will be 1300 
y0 " dre ™ U f stabi % studies have been performed on 90 
i e£3t 2 batChcs manu t8 ct ured at a minimum of one 
, , ^g) Ibe commercial size, combined with the 90 Ice 

batches, are required to establish the expiration dating period. 

bfout If rne f fi t “ zar ° t ' n f « el stored at 25"C/60%RH were found to 
be out of specification. Only selected data for the degradant profile 

i (l ‘ e " Tabl= 123 ' Poge 9-340). No data for the other 

data S recorded - PIease submit all drug product stability 

tt“p^le.«: ma " the lnh0m ° g '"'’ ty other^ 

Biflpharmaceutics 

The stability of tazarotene and metabolite in biological samples should be tested at 
d.mcTtta'T 0 " r “ ge S ‘ m,lar * ‘ hat fOUDd in * e P bar macokinetic studies and 

Microbioloygy Tssnyft 


1. 


Effectiveness Testing (PET) and Microbial 


A. 


B. 


Please provide the methods used for both the PET and MLT tests. If 
the tests are USP tests, this should be stated. 

Please pro^de numerical test results from the PET tests performed 
which demonstrate the effectiveness of the preservative system at the 
lowest concentrator, specification for the benzyl alcohol 

Please provide the acceptance specifications for the Microbial Limits 

tor, P + f T ° n:; Sh ° Uld be established for total aerobic count, 
total yeasts and molds, and absence of indicator pathogens 
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^at will be used ,c 

Clinical T«^|» 

^pact on^ie^approvabiliry oftM cf “ ^ ^ "°“ d - *«■*» may 

»dve P ' eaSe “ *» “ve aud y 


Bhanwacologv Ts^«»« 

1 ' S'a^^yof^sSed'f ,0 f° W “ ‘° make a finaJ j“ d *ment on 

toxicity™ ^ dem,aI -d oral rodent 

d'cs“ C,Ud ' ng We,ght gai " Md f00d "ption 

B. A code book for th= tumorigenicity data. 

C. Survival and onset data for the tumors. 

information as listed below: ^-^WPXviXb). Please provide updated 

« *e b time ol^s^^^^^iTaSo^^e “iTe&Z 

UnteS^U^ 

B. Retabulate drop-outs with new drop-outs identified j- 

where appropriate. demined. Provide discussion 

D. Provide details of any sign! Ream changes or findings, if any. 
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a. 


Summarize worldwide experience on the safety of this drug. 


safety ^omi“on,^uding IllXS' W ‘ th "“P”' “ rcports ° f rcl ' v “* 
of the drug and any informafion snggtCg a“ubst™S dlsconti ™ Ii - 

occurrence of common but less serin,, - *1 Mtlal dlfference m the rate of 
studies worldwide and uses of the ^ Sh ° Uld cover 211 

A. Those involving indications not being sought in the present submission, 

B. Other dosage forms, and other dose levels, etc. 

f r s ^ - 

Nomenclatur'e Co^toce^ * u “ ceep, ^ l « b y the’CD^'abdtagt^d' 1 * 

Ss^-wsiar 

In accordance with the policy described in 21 CFR 314 in?/vn r*u 
application. The meeting i^tefb^requeg l^'aUeMt fiileen^ays itfadvance 0 ****^ 

notify us of your intern “V”™" 1 ^ appUcatio ". 

21 CFR 314.120. In the absence of anyuchactmnFDAm. " ° pti0nS Under 
application. Any amendment should a ♦ °f’ FDA ma y Proceed to withdraw the 
process a partial rc “y“^ leS ™ d f *e defrciencies listed. We will no, 

until all deficiencies have been addressed rcV " W clock be reactivated 


££ ; 0T 96, Ud Nflf 
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Should you have 


/■ 


“ y C|ues ' 10ns rc 8 ard j ’g application, please contact: 

Frank Cross, Jr., MA, LCDR 
Project Manager 
(301) 827-2020 


Sincerely yours, 

Michael Weintraub, M.D 
Direttor ^ ^ 

Office of Drug Evaluation V 

Center for Drug Evaluation and Research 
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The reviewers for this application consisted of: 


Jonathan K. Wilkin, M.D., Division Director, DODDDP HFD-540 
Linda Katz, MX> Deputy Division Direcior, DODDDP,’HFD-540 
Hon Sum Ko, M.D., Medical Officer, DODDDP HFD-540 
R. Snnvasan, Ph.D„ Biostatistics Team Leader, DOBIV HFD-725 
Steve Thomson, Ph.D., Biostatistician, DOBIV, HFD- 725 

Hn«^ 0bS ’ Ph P-’ T ? h " macolo 8y / r < >«a,iogy Team Leader, DODDDP HFD-540 
Hilary Sheevers, Ph.D. # Toxicologist, DODDDP, HFD-540 

Amy Nostrandt, D.V.M., Ph.D., Toxicologist, DODDDP, HFD-540 
Eric Sheinin, Ph.D., Director, DNDCIII, HFD-830 
Wilson DeCamp PhT)., Chemistry Team Leader, DNDCIII, HFD-540 
Sydney Gilman, Ph.D., Chemist, DNDCI1, HFD-160 

Fr^P^fph n' D K- B '° PWma “ UtiCS Team DPEni, HFD-880 
Biopharmaceuucs T«jn Leader, DPEffl, HFD-880 
aue-enih Lee, Ph.D„ Biopharmaceuticist, DPEIII, HFD-880 
Peter Cooney, Ph.D., Microbiology Supervisor. ONDC, HFD-160 
Patricia Hughes, Ph.D., Microbiologist, ONDC, HFD-160 

Prf 1 ? ?° SSa T^' C °° k ’ M B,A ’ Supervisory Project Manager, DODDDP HFD-540 
rank Cross, MA, LCDR, Regulatory Management Officer, DODDDP HFD-540 


Qft, /,C?| NOT 


TXA ?>& 


AH I H/HH -) CPCQ-t7CC-TRC 


06/13/97 15:11 


NO.120 P002/015 


.1 







DEPARTMENT OF HEALTH & HUMAN SERVICES 


Public Heatrh Service 


Food and Drug Administration 
Rockville MD 20967 


NQA 20-600 


Allergan, Inc. JUN f 3 ing. 

Attention: Trudy A. Rumbaugh. M.D. 

Director, Global Regulatory Affairs, Retinoids 
2525 Dupont Drive 
P.O. Box 19534 
Irvine, CA 92713-9534 

Dear Dr. Rumbaugh: 

Please refer to your June 16, 1995, New Drug Application (NDA) submitted under section 
505(b) of the Federal Pood, Drug, and Cosmetic Act for Tazorac™ (tazarotene topical gel) 
0.05% and 0.1%. 

Please refer to our Not Approvable letter dated June 6 , 1996, and our Approvable Letter dated 
December 30, 1996. 

We acknowledge receipt of your amendments and correspondence dated January 2 and 17, 
February 5 and 25. March 17, 18, and 28, April 11, and May 28, 1997. The User Fee Goal date 
for this application is July 21,1997. 

This new drug application provides for the topical treatment of patients with stable plaque 
psoriasis of up to 20 % body surface area involvement and topical treatment of patients with 
facial acne vulgaris of mild to moderate severity. 

We have completed the review of this application, including the submitted draft labeling, and 
have concluded that adequate information has been presented to demonstrate that the drug 
product is safe and effective for use as recommended in the enclosed final version of the labeling. 
Accordingly, the application is approved effective upon the date of this letter. 

The final printed labeling (FPL) must be identical to the attached revised labeling . The attached 
revised labeling was stated to be acceptable to you in the faesmile of your letter dated June 10. 
1997. Marketing the product with FPL that is not identical to this draft labeling may render the 
product misbranded and an unapproved new drug. 

Please submit twenty copies of the FPL as soon as it is available, in no case more than 30 days 
after it is printed. Please individually mount ten of the copies on heavy weight paper or similar 
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material. For administrative purposes this submission should be designated "FINAL PRINTED 
LABELING" for approved NDA 20-600. Approval of this submission by FDA is not required 
before the labeling is used. 

Should additional information relating to the safety and effectiveness of the drug become 
available, revision of that labeling may be required. 

We remind you of your Phase 4 commitments specified in your submissions dated January 1 7, 
March 17, 1997, and in the facsimiles of your letters dated June 11, 1997. These commitments, 
along with any completion dates agreed upon, are listed below: 

1. A follow-up on the incidence of photosensitivity associated with long term use of 
tazarotene. 

2. A description of the scale up procedures for the bulk drug substance at the Torcan 
manufacturing facility. Details of this commitment will be submitted to the Agency 30 
days after approval of this NDA. The following information should be included. 

Procedural details for the manufacture of 35 to 60 kg of bulk drug substance at 
the Torcan Facility. 

A comparison of the new drug substance under controlled room temperature and 
accelerated storage at release and at three months to data from a previous lot. 
This information should be submitted within 120 days post approval of this 
NDA. In addition, since this drug substance will be used in the manufacture of 
Tazorac”" prior to our request for lot comparisons, you will remove from the 
commercial manufacture any lot failing to meet acceptance criteria. 

3. A drug-drug interaction study between tazarotene and oral contraceptive agents in female 
psoriatic patients to demonstrate contraceptive efficacy, Patients participating in the 
study should have large surface areas of psoriatic skin consistent with the proposed 
labeling. The study design for topical administration of tazarotene should be similar to 
that of study R168-153-8606. This study should provide the additional data for 
comparisons between genders. Both combination and single-entity oral contraceptives 
(i.e., minipills) should be studied. Study protocol should be submitted to the Agency for 
review within 60 days post approval. The study should be initiated within 6 months of 
approval. 


Clinical protocols, data, and final reports should be submitted to your IND for this product and a 
copy of the cover letter sent to this NDA. Should an IND not be required to meet your Phase 4 
commitments, please submit protocol, data, and final reports to this NDA as correspondences. In 
addition, we request under 21 CFR 314.81(b)(2)(vii) that you include in your annual report to 
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this application, a status summary of each commitment. The status summary should include the 
number of patients entered in each study, expected completion dates, and any changes in plans 
since the last annual report. For administrative purposes, all submissions, including labeling 
supplements, relating to these Phase 4 commitments must be clearly designated "Phase 4 
Commitments.” 

In addition, please submit three copies of the introductoty promotional material that you propose 
to use for this product. All proposed materials should be submitted in draft or mock-up form, not 
final print. Please submit one copy to the Division of Dermatologic and Dental Drug Products 
and two copies of both the promotional material and the package insert directly to: 

Food and Drug Administration 

Division of Drug Marketing, Advertising and Communications, 
HFD-40 

S600 Fishers Lane 
Rockville, Maryland 20857 

Validation of the regulatory methods has not been completed. At the present time, it is the policy 
of the Center not to withhold approval because the methods are being validated. Nevertheless, 
we expect your continued cooperation to resolve any problems that may be identified. 

Please submit one market package of the drug when it is available. 

We remind you that you must comply with the requirements for an approved NDA set forth 
under 21 CFR314.80 and 314.81. 
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If you have any questions, please contact: 

Frank H. Cross, Jr., M.A., LCDR 
Regulatory Management Officer 
(301)827-2020 


Sincerely yours, 

Michael Weintraub, M.D. 

Director 

Office of Drug Evaluation V 

Center for Drug Evaluation and Research 


Enclosure 
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TAZORAC _ 

V ALLERGAN 

(tazarotene topical gel) 0.05% 


(tazarotsne topical gel) 0.1% 

FOR DERMATOLOGIC USE ONLY 
NOT FOR OPHTHALMIC USE 


DESCRIPTION: 

TAZORAC™ is a translucent, aqueous gel and contains the compound tazarotene, a member of the 
acetylenic class of retinoids. It is for topical dermatologic use only. The active ingredient is represented bv 
the following structural formula: 1 


C^NO^ 

Molecular Weight. 351.46 

Chemical Name: ethyl 6-[2-(4,4-dimethylthiochroman-6-yl)-ethynyl] nicotlnate 
Contains: 

Active: Tazarotene. 0.05% or 0.1% (w/w) 

Preservative: Benzyl alcohol. 1 .0% (w/w) 

Inactlvei: Ascorbic acid, butylated hydroxyanisole, butylated hydroxytoluene, carbomer 934P, edetate 
disodium, hexylene glycol, purified water, poloxamer 407. polyethylene glycol 400. polysorbate 40 and 
tromethamine. 

CLINICAL PHARMACOLOGY: 

Tazarotene is a retinoid prodrug which is converted to its active form, the cognate carboxylic add of 
tazarotene (AGN 190299), by rapid deesterification in most biological systems. AGN 190299 binds to all 
three members of the retinoic acid receptor (RAR) family: RARa, RARJ3, and RARy. but shows relative 

selectivity for RAR|3, and RARy and may modify gene expression. The clinical significance of these findinqs 
is unknown. a 

Psoriasis: The mechanism of tazarotene action in psoriasis is not defined. Topical tazarotene blocks 
Induction of mouse epidermal ornithine decarboxylase (OOC) activity, which is associated with cell 
P r ° l ‘^ ration hyperplasia. In cell culture and in vitro models of skin, tazarotene suppresses expression of 
MRP8. a marker of inflammation present in the epidermis of psoriasis subjects at high levels In human 
keratinocyte cultures, it inhibits comified envelope formation, Whose build-up is an element of the psoriatic 
scale. The dmical significance of these findings is unknown. * > 

Acne: The mechanism of tazarotene action in acne is not defined. Tazarotene inhibited comeocyte 
accumulation in rhino mouse skin and cross-linked envelope formation in cultured human keratinocvtes The 
clinical significance of these findings .is unknown. 

Pharmacokinetics: 

Following topical application, tazarotene undergoes esterase hydrolysis to form its active metabolite. AGN 
190299. Little parent compound could be detected in the plasma. AGN 190299 was highly bound to 
plasma proteins (>99%). Tazarotene and AGN 190299 were metabolized to sulfoxides, sulfones and 
other polar metabolites which were eliminated through urinary and fecal pathways. The half-life of AGN 
190299 following topical application of tazarotene was similar in normal and psoriatic subjects 
approximately 18 hours. 

The human In vivo studies described below were conducted with tazarotene gel applied topically at 
approximately 2 mg/cm J and left on the skin for 10 to 12 hours. Both the peak plasma concentration 
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(Cmax) and area under the plasma concentration time curve (AUC) refer to the active metabolite only. 

Two single topical dose studies were conducted using "C-tazarotene gel. Systemic absorption, as 
determined from radioactivity in the excreta, was less than 1% of the applied dose (without occlusion) in 
sbr psoriatic patients and approximately 5% of the applied dose (under occlusion) in six healthy 30“^ 
One non-radiolab^ed angle-dose study comparing the 0.05% gel to the 0.1 % gel in healthy subjects ' 

indicated that the Cmax and AUC were 40% higher for the 0.1% gel. 

After 7 days of topical dosing with measured doses of tazarotene 0.1% gel on 20% of the total body 
surface without occlusion in 24 healthy subjects, the Cmax was 0.72i0.S8 ng/mL (mean ±SD) occurring 9 

oHhe appliedVose^° Se ’ “!! d th * AUC «‘* was 10 - 1±7 2 ng.hr/mL. Systemic absorption was 0.91±0.67% 

in a 14-day study in five psoriatic patients, measured doses of tazarotene 0.1% gel were applied daily bv 
nursing staff to involved skin without occlusion (8 to 18% of total body surface area; mean^SD 13t5%) 
The Cmax was 12.0*76 ng/mL occurring 6 hours after the final dose, and the AUC 0 was 105*55 
ng.hr/mL Systemic absorption was 14.8±7.6% of the applied dose. Extrapolation of these results to 
represent dosing on 20% of total body surface yielded estimates of Cmax of 16.9±10.6 ng/mL and AUC. 
2«hf of 1 /cioo ng*nr/mL. 

An in vitro percutaneous absorption study, using radiolabeled drug and freshly excised human skin or 
human cadaver skin, indicated that approximately 4 to 5% of the applied dose was in the stratum corneum 

sxr,!r : i and 2 to 4% was * ,ha '“ bte “ maum 

AGN 190299-2:1) 24 hours after topical application of the gel. 

Clinical Studies: 

Psoriasis: 

In two large vehicle-controlled clinical studies, tazarotene 0.1% and 0.05% gels applied once daily for 12 
weeks were significantly more effective than vehicle in reducing the severity of the clinical signs of stable 

for an addThonll U f P |f° 2 ° % ° f b °? y SUrf8Ce ^ one ofthe studies - Puente were followed up 

for an additional 12 weeks following cessation of therapy with TAZORAC™. Mean baseline scores and ? 

c anges from baseline (redactions) after treatment in these two studies are shown in the following Table: 


Plague Ele 





TAZORAC n - 0.05% Gel 


Knee/Elbow 

lesions 


N»10a IN-111 


in Tw 




TAZORAC™ 0.1% Gel 


Knee/Elbow 

lesions 


N=108 |N=112 f N=108 | N=112 | N=10B I N=113 | N=10B 


■ Scaling 


Erythema 



vehicle Gel 


Knee/Elbow 

lesions 


N=113 


2& 

- 0.6 


C-12* 

C- 24 * 

B* 

C-12* 


1C-24<| -11 j -0,7 -0.9 -0 B in 7 " n " 

Plaque ■iwx«cn. .caling ana erythema .corea on a <M Ml, o- w , I »miM . immoderate. t^,' andUery ' 

6-Meao Baiebne Seventy C-12-M«*n Change from 8* inline at end of 1 2 vmb of therapy 
C.*«-Mean Change from BavHme at «*e* 2a (12 weeVi altar the end of Vwapy) 
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taS™ Sr'"' °' ar 6aSdine Md °'' 2 ”" ks ,rea, "’ e " 1 in <•» «ud« is shown in the 



Tazorac™ 

. 0.05% Gel 

TAZORAC™, 0.1% Gel 

Vehicle Gel 

N=81 

N=93 

N=79 

N=69 

N-84 

N=91 

100% improvement 

2 (2%) 

1 (1%) 

0 

0 

1 (1%) 

0 

*75% improvement 

23 (28%) 

17(18%) 

30 (38%) 

17 (25%) 

10 (12%) 

9 (10%) 

*50% improvement 

42 (52%) 

39 (42%) 

51 (65%) 

36 (52%) 

28 (33%) 

21 (23%) 

1-49% improvement 

21 *(26%) 


18 (23%) 

23 (33%) 

27 (32%) 

32(35%) 

No change or worse 

16 (22%) 

22 (24%) 

10(13%) 

10 (14%) 

29 (35%) 

38 (42%) 


The 0.1% gel was more effective than the 0.05% gel. but the 0.05% gel was associated with less local 
irritation than the 0.1% gel (see ADVERSE REACTIONS section). 

Acne: 

In two large vehicle-controlled studies, tazarotene 0.1% gel applied once daily was significantly more 
effective than vehicle in the treatment of facial acne vulgaris of mild to moderate severiti. Percem 
reductions in lesion counts after treatment for 12 weeks in these two studies are shown in the following 


.. 1 

-inwi'yTmMBi iraiment m 

TAZORAC™ 0.1% Gel 

1 Vehicle Gel 


z 

II 

u\ 

o 

N=149 

N=148 

N=149 

Noninflammatory lesions 

55% 

43% 

35% 

27% 

Inflammatory lesions 

42% 

47% 

30% 

28% 

Total lesions 

52% 

45% 

33% 

27% 

Global improvement over baseline at the end of 12 weeks of treatment in these two studie- 
following Table: 

> is shown in the 


TAZORAC™ 0.1% Gel 

Vehicle Gel 


N=105 

N=117 

N=117 

N»110 

100% improvement 

10%) 

0 

0 

0 

? 75% improvement 

40 (38%) 

21 (18%) 

23 (20%) 

11 (10%) 

a 50% improvement 

71 (68%) 

56 (48%) 

47 (40%) 

32 (29%) 

1-49% improvement 

23 (22%) 

49 (42%) 

48 (41%) 

46 (42%) 

No change or worse 

11 (10%) 

12 (10%) 

22 (19%) 

32 (29%) 


INDICATIONS AND USAGE: 

(tazarotene ‘op'f 31 9 el > 0 05% and 0.1% are indicated for the topical treatment of patients 
with stable plaque psoriasis of up to 20% body surface area involvement. 

TAZORAC™ (tazarotene topical gel) 0.1% is also indicated for the topical treatment of patients with facial 
acne vulgaris of mild to moderate severity. 


12 T of J A2 ° R f in the treatment of acne previously treated with other retinoids or resistant to 

oral antibiotics has not been established. n 


III 
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CONTRAINDICATIONS: 

Retinoids may cause fetal harm when administered to a pregnant woman. 

In rats, tazarotene 0.05%, administered topically during gestation days 6 through 17 at 0.25 mg/kg/day 
(1.5 mgW/day) resulted in reduced fetal body weights and reduced skeletal ossification. Rabbits dosed 
topically with 0.25 mg/kg/day (2.75 mg/m 2 total body surface area/day) tazarotene during gestation days 6 
through 18 were noted with single incidences of known retinoid malformations, including spina bifida, 
hydrocephaly, and heart anomalies. As with other retinoids, when tazarotene was given orally to 
experimental animals, developmental delays were seen in rats, and teratogenic effects and post- 
implantation fetal loss were seen in rats and rabbits at doses producing 0.7 and 13 times, respectively, the 
systemic exposure (AUC^^) io human psoriasis patients, when extrapolated far topical treatment of 
20% of body surface area. THUS, SYSTEMIC EXPOSURE IN TOPICALLY TREATED PSORIASIS 
PATIENTS (FOR USE ON UP TO 20% OF BODY SURFACE AREA) COULD BE IN THE SAME ORDER 

of magnitude as in these orally treated animals. 


Systemic exposure anticipated.in the treatment of facial acne may be less, due to a more limited area of 
application. 

Six women inadvertently exposed to TAZORAC™ during pregnancy in clinical trials have subsequently 
delivered healthy babies. As the exact timing and extent of exposure in relation to the gestation time are 
not certain, the significance of these findings is not known. 

TAZORAC 1 ** is contraindicated in women who are or may become pregnant. If this drug is used during 
pregnancy, or if the patient becomes pregnant while taking this drug, treatment should be discontinued 
and the patient apprised of the potential hazard to the fetus. Women of child-bearing potential should be 
warned of the potential nsk and use adequate birth-control measures when TAZORAC™ is used. The 
possibility that a woman of childbearing potential is pregnant at the time of institution of therapy should be 
considered. A negative result for pregnancy test having a sensitivity down to at least 50 mlU/ml for human 
chorionic gonadotropin (hCG) should be obtained within 2 weeks prior to TAZORAC™ therapy, which 
should begin during a normal menstrual period. 

TAZORAC™ is contraindicated in individuals who have shown hypersensitivity to any of its components. 
WARNINGS: 

Pregnancy Category X. See CONTRAINDICATIONS section. Women of child-bearing potential should be 
warned of the potential risk and use adequate birth-control measures when TAZORAC™ is used. The 
possibility that a woman of childbearing potential is pregnant at the time of institution of therapy should be 
considered. A negative result for pregnancy test having a sensitivity down to at least 50 mlU/ml for hCG 
should be obtained within 2 weeks prior to TAZORAC™ therapy, which should begin during a normal 
menstrual period. 


PRECAUTIONS: 

General: TAZORAC™ should only be applied to the affected areas. For external use only. Avoid contact 
with eyes, eyelids, and mouth. If contact with eyes occurs, rinse thoroughly with water. The safety of use 
over more than 20% of body surface area has not been established in psoriasis or acne. 

Retinoids should not be used on eczematous skin, as they may cause severe irritation. 

Because of heightened burning susceptibility, exposure to sunlight (including sunlamps) should be avoided 
unless deemed medically necessary, and in such cases, exposure should be minimized during the use of 
TAZORAC™. Patients must be warned to use sunscreens (minimum SPF of 15) and protective clothing 
when using TAZORAC™. Patients with sunburn should be advised not to use TAZORAC™ until fully 
recovered. Patients who may have considerable sun exposure due to their occupation and those patients 
with inherent sensitivity to sunlight should exercise particular caution when using TAZORAC™ and ensure 
that the precautions outlined in the Information for Patients subsection are observed. 


IV 
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TA20R A C™ should be administered with caution if the patient is also taking drugs known to be 
photosensitzers (e.g thiazides, tetracyclines, fluoroquinolones, phenothiazines, sulfonamides) because of 
the increased possibility of augmented photosensitivity. e ' oecause or 


If pruritus, burning, skin redness or peeling is excessive. the 
integrity of the skin is restored. 


medication should be discontinued until the 


Weather extremes, such as wind or cold, may be more irritating to patients using TAZORAC™. 
Information for Patients: See attached Patient Package Insert. 


P™ 9 . ln * er f?* ions: Concomitant dermatologic medications and cosmetics that have a strong dryinq 

10 W a ski " «"• 


Carclnogenaso, mutagenesis. Impairment of teitllliy: long-term studies of tazaiutene followlna oral 
adm'nistration of 0.025. 0.060, and 0.125 mg/kg/day lo rats show* no indications oMncrcai* 
carcinogenic risks. However, in other rat studies, oral doses twice that of the highest dose in the rat 
oa | C em s 9 e«mno^2( P ro * ,uc f d an A P, C ««/~ that was less (0.7 times) than that* topically treated ploriatic 

median tfr!^ to onS f ° r . treatment of . 20% of surface area. In evaluation of photocarcinogenicity, 
median time to onset of tumors was decreased and the number of tumors increased in hairless mice* 
following chronic topical dosing with intercurrent exposure to ultraviolet radiation at tazarotene 
concentrations of 0,001%. 0.005%. and 0.01% for up to 40 weeks. 


0 f 1 ? in J mic ® terrninate<3 at 88 week s showed that at dose levels of 0.05, 

« 9/kS/day (reduced to 0 5 nig/kg/day for males after 41 weeks due to severe dermal 
irritation) revealed no apparent carcinogenic effects when compared to vehicle control animals- untreated 

zTi iTo/o r re r: co r-2!f ,y 17,6 auc — >s f ° r 82.?“: xrs? 

(males at 1.0/0.5 mg/kg), and 344 nghr/ml (females at 1.0 mg/kg), respectively The mean AUC for 
psoriatic patients was 172 ng hr/ml. extrapolated for 20% total body surface area 

Tazarotene was found to be non-mutagenic in the Ames assay and did not produce structural 
CH r oTH°PRTm!S IOnS ,ymphocyte assa V Tazarotene was also non-mutagenic in the 

mSronucteus tlS “ °™ mUta,lon assay and was "°n-clastogen.c in the in vivo mouse 


No impairment of fertility occurred in rats when male animals were treated for 70 days prior to matina and 

^V ri ° rl ° mat ' n9 a0d continuin 9 through gestation and lactation 
with topical doses of TAZORAC™ Gel of up to 0.125 mg/kg/day (0.738 mg/mVday). 

“P abl,rt ‘®s°(T1 animals, including F2 survival and development, were not affected by 

actin'SrSl ? TAZORAC- Gel to female F0 parental rats from gestation day 16 through 
lactation day 20 at the maximum tolerated dose of 0.125 mg/kg/day (0.738 mg/m 3 /day) 9 


Pregnancy Teratogenic Effects: Pregnancy Category X. See CONTRAINDICATIONS section 

^TTn<°K?J iK b ! ann9 POtent J al Sh ° ,jld use ade 9 uate birth-control measures when TAZORAC™ is used 
hJ b J ,tV w 3 a ^ W ° man ° f ch,ldbear,n 9 potential is pregnant at the time of institution of therapy 

for nr r !h Z? Z* r6SUlt ° T pregnancy ,est hawi "9 a sensitivity down to at least 50 mlU/ml 

for hCG should be obtained within 2 weeks prior to TAZORAC™ therapy, which should begin during a 
normal menstrual period. s y 


£211"? T hi J After single topical doses of M C-tazaroiene to the skin of lactating rats, secretion of 
radioactivity was detected in milk, suggesting that there would be transfer of drug-related material to the 

when ta/aroU h wheUierth '* drug is excreted in human milk. Caution snould De exercised 

when tazarotene is administered to a nursing woman. 

Pediatric Use: The safety and efficacy of tazarotene have not been established in pediatric patients under 
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the age of 12 years. 


AOVERSE REACTIONS: 

Psoriasis: 

The most frequent adverse events reported with TAZORAC™ 0.05% and 0.1% gels were limited to the skin 
Those occumng tn 10 to 30/o of patients, in descending order, included pruritus, buming/stinging, erythema 
worsening of psonasts. irritation, and skin pain. Events occumng in 1 to 10% of patients included rash 
desquamation, irritant contact dermatitis, skin inflammation. Assuring, bleeding and dry skin. Increases in 
psonasts worsening and sun-induced erythema" were noted in some patients over the 4th to 12th months 

TaIITc^ 005? Si wI%T n ^ S ,° f 3 1 r ar .! tudy ,n general - ^ incidence of adverse events ZT 
TAZORAC ™ 0.05 A Gel was 2 to 5% lower than that seen with TAZORAC ™ 0.1% Gel. 


Acrte: 


The most frequent adverse events reported with TAZORAC™ 0.1% gel were limited to the skin Those 

°^f umn9 10 to . 30% _ of patlen,s ' ,n descending order, included desquamation, buming/stinging dry 

Si^ h H ma an f >rU k , ^' E ? ntS occu,lin 9 in 1 «° 10% of ^'^ts included irritation, skin pain. Assuring 
localized edema and skin discoloration. 


In human dermal safety studies, tazarotene 0.0S% 
phototoxicity or photoallergy. 


and 0.1% gels did not induce contact sensitization. 


OVEROOSAGE: 


Excessive topical use of TAZORAC™ 
PRECAUTIONS). 


may lead to marked redness, peeling, or discomfort (see 


TAZORAC™ is not for oral use. Oral ingestion of the drug may lead to the same adverse effects as those 

SuS 3 thl ol» h ^ Ce h SS< u k ral ' ntake °! Vi,a i min A (hyperv'taminosis A) or other retinoids. If oral ingestion 
occurs, the patient should be monitored, and appropriate supportive measures should be administered as 
necessary. 


DOSAGE AND ADMINISTRATION: 

General. Application may cause a transitory feeling of burning or stinging, 
application should be discontinued. 


If irritation is excessive, 


For psoriasis: Apply TAZORAC™ once a day. in the evening, to psoriatic lesions, using enough (2 mg/cm 5 ) 
o cover only the lesion with a thin film to no more than 20% of body surface area. If a bath or shower is taken 
susrinThif^tion the skin should be dry before applying the gel. Because unaffected skin may be more 
susceptible to irritation, application of tazarotene to these areas should be carefully avoided TAZORAC™ 
was investigated for up to 12 months during clinical trials for psoriasis. 


For acne: Cleanse the face gently. After the skin is dry, apply a thin film of TAZORAC™ (2 mg/cm 2 ) once a 

Ti^no Ar ^ Venm9 ' ° S . k 'D r hefe apne tes,ons appear ‘ Use enough to cover the entire affected area. 
TAZORAC™ was investigated for up to 12 weeks during clinical trials for acne. 


HOW SUPPLIED: 

TAZORAC™ (tazarotene topical gel) is available in concentrations of 0.05% and 0 1% It comes in 
collapsible aluminum tubes, in 10 gm, 30 gm and 100 gm sizes.. 


TAZORAC™ Gel 0.05% 
10 gm NDC 0023-8335-01 

30 gm NDC 0023-8335-03 

TOO gm NDC 0023-0335-10 


TAZORAC™ Gel 0.1% 
NDC 0023-0042-01 
NDC 0023-0042-03 
NDC 0023-0042-10 


NOTE: TAZORAC™ Gel should be stored at 25‘C (77“F): excursion permitted to 15-30“C (59-86‘F) 
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CAUTION. Federal (U.S.A.) law prohibits dispensing without prescription. 

ALLERGAN 

Allergan, Inc. 

Irvine, California 92612, U.S.A. 

January 1997 
©1997 Allergan, Inc 
Printed in U.S.A 
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Pharmacist: Please detach at perforation and provide this patient package insert to your customer. 


TAZORAC* m^ naAM 
(tazarotene topical gel) 0.05% 
(tazarotene topical gel) 0.1% 
INFORMATION FOR PATIENTS 


Please read this leaflet carefully before you start to use your medicine. If you have any questions 

or are not sure about anything, ask your doctor or pharmacist ' 

- The active ingredient in TAZORAC ™ is tazarotene. 

1 T? 20 ^ C JV: ,S ° ins ben *y' alcohol as a preservative and the following inactive ingredients 

ascorbic acid, butylated hydroityanisole, butylated hydroxytoluene. carbomer 934P, edetate disodium 
hexylene glycol, purified water, poloxamer 407. polyethylene glycol 400. polysorbate 40 and 
tromethamme. 

USES 

0 05% Gel iS used in ,he treatmem of slable plaque psoriasis covering up to 20% of body 

°'1 % ?*' ! s used ln lhe treatment ° f stable plaque psoriasis covering up to 20% of body 
surface area and in the treatment of mild to moderately severe facial acne. y 

BEFORE YOU USE THIS MEDICINE 
You should be aware that: 

(a) TAZORAC™ should not be used if you are pregnant, attempting to become pregnant or at high risk 

pregnancy onsuit your physician for adequate birth control measures if you are a female of child- 
Dealing potential. 

iwn T ^S RA £ m . Sh °‘lI d ^ CaUti ° n if yOU are a,so usin 9 other to P ical agents with a strong 

skin drying effect, products with high concentrations of alcohol, astringents, spices, the peel of lime 

medicated soaps or shampoos, permanent wave solutioris. electrolysis, hair depilatories or waxes or 

other prepays or processes that might dry or irritate the skin, unless otherwise instructed by your 
health care practitioner. 7 7 

Sh ° U,d not be used if you have s unburn. eczema or other chronic skin condition(s) 
T »f Z m RAC . Tfl “use severe irritation if applied to eczematous skin. If you have sunburn you 
should wait until full recovery before using TAZORAC™ ’ y 

(d) TAZORAC^ should not be used if you are inherently sensitive to sunlight. 

(e) TAZORAC™ should not be used if you are taking other drugs that increase your sensitivity to 
sunlight. Inform your physician if you are taking any other medications. 

(f) You should use protective clothing and sunscreens with minimum SPF of 15 durinq the dav when 
b.,ng treated wdh TAZORAC™. You should evoid direct suo exposure as touch as ^sslble and auSid 
sunlamps totally while being treated with TAZORAC™. unless advised otheiwise b/you, docto? 

(g) If you have considerable sun exposure due to occupation, particular caution as described above 
should be exercised when using TAZORAC™ 

! r h 2^ e ^J5^ extrernes ' such as wind or c0,d - -aV be mof e irritating to your skin while you are using 


BEFORE YOU USE THIS MEDICINE 

Tell your doctor; 

(a) if you are pregnant or are considering becoming pregnant-. 

(b) if you are breast-feeding. 

(c) if you are allergic to any ingredients in this medicine 

(d) if you are already using other products that make your skin dry. 

(e) if you have a skin condition called eczema. 

(0 if you will be subject to excessive sun exposure. 

(g) if you are taking vitamin A supplements. 

HOW TO USE THIS PRODUCT: 

• Read the directions on your prescription label carefully. Ask your doctor or pharmacist to explain 
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anything that you do not understand. 

If you become pregnant while using TAZORAC™; you should immediately discontinue its use and 
contact your doctor. 

• If you use a cream or lotion to soften or lubricate your skin, apply TAZORAC™ after ensuring that 
there is no more cream or lotion on the skin . 

• After applying TAZORAC™, some people notice a feeling of itching, burning or stinging. This feeling 
may occur less often as your skin gets used to the medication. Consult your health care provider if 
increased sensitivity of irritation occurs. 

• Do not cover treated areas with dressings or bandages. 

Never use more TAZORAC tw than instructed and never use ii more often than instructed, as 
application of larger amounts of medication than recommended will not lead to more rapid or better 
results, and marked redness, peeling or discomfort may occur. 

• Wash your hands after applying the medication, unless you are treating your hands for psoriasis. If 
the gel accidentally gets on areas you do not need to treat, wash it off. 

• If TAZORAC ™ comes in contact with your eyes, wash your eyes with large amounts of cool water 
and contact a doctor if eye irritation persists. 

MISSED DOSES: 

• If you forget or miss a dose of TAZORAC™, do not try to "make it up." Return to your normal 
application schedule as soon as you can. 

INSTRUCTIONS SPECIFIC TO TREATMENT OF PSORIASIS: 

• If you bathe or shower before using TAZORAC™. be sure the skin is dry before application. Apply a 
Ihin Ulrri of the gel to your psoriasis lesions once a day before going to bed. 

• Carefully avoid application to apparently uninvolved skin. TAZORAC™ may be more irritating to non- 
lesional skin. 

• If you need to treat your hands, avoid contact with your eyes. 

Usually your psoriasis plaques and scales will begin to improve in about one to four weeks but the 
redness may take longer to improve. Continue to use TaZORAC™ as directed by your doctor. 

• Contact your doctor if your psoriasis becomes worse. 

INSTRUCTIONS SPECIFIC TO TREATMENT OF ACNE: 

• Gently clean and dry facq be.fore using TAZORAC™. Apply TAZORAC™ once a day. before going to 
bed. to entire areas of the face where you have acne lesions Use enough gel to cower the entire 
affected area with a thin film. 

• Follow your doctor's directions for other routine skin care and the use of make-up. Talk to your doctor 
about the use of sunscreens and cosmetics, especially those that dry your skin. 

• Usually, your acne will begin to improve in about 4 weeks. Continue to use TAZORAC™ for up to 12 
weeks as directed by your doctor. 

• Contact your doctor if your acne becomes worse. 

WARNINGS: 

TAZORAC™ should not be used if you are pregnant, attempting to become pregnant or at high risk of 

pregnancy. Women of child-bearing potential should use adequate birth-control measures when 

TAZORAC™ is used. 

If TAZORAC™ is swallowed by accident, contact your doctor or a poison control center. 

Do no! use TAZORAC™ after the expiration date found on the bottom seal of the tube. 

This medicine is for your use only. It can only be prescribed by a doctor. Never give it to anyone else. It 

may harm them even if their skin problem appears to be the same as yours. 


Retinoids should not be used on eczematous skin, as they may cause severe irritation. Do not use 
TAZORAC™ until your doctor has confirmed that your eczema has fully recovered. 

Because of increased burning susceptibility, exposure to sunlight (including sunlamps) should be avoided 
or minimized during the use of TAZORAC™, unless prescribed differently by your doctor. 

You should use sunscreens (minimum SPF of 15) and protective clothing when using TaZORAC™. Be 
certain that you use these precautions if you expect to experience considerable sun exposure or if you are 
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sensitive to sunlight. 

If you have a sunburn, do not use TAZORAC™ until you have fully recovered. 


Do not use TAZORAC™ if you are also taking drugs known to be photosensitizers (e.g., thiazides 
tetracyclines, fluoroquinolones, phenothiazines, sulfonamides), unless you have discussed taking both 
drugs with your doctor, because of the increased possibility of a more severe reaction. 

The safety of use over more than 20% of body surface area has not been established in psoriasis or acne. 

INSTRUCTIONS FOR USE AND HANDLING: Keep tube tightly closed when not in use, Store it in a safe 
place where children cannot reach it. TAZORAC™ Gel should be stored at 25°C (77°F)‘ excursion 
permitted to 15-30 ’C (59-86°F). ' ' 

HAVE QUESTIONS ABOUT TAZORAC™ Gel: You may contact Allergan by calling 800-433- 

8871. 

^ HAVE QUESTIONS ABOUT PSORIASIS: Information is available from: 

The National Psoriasis Foundation: 

6600 SW 92nd Avenue, Suite 300, Portland, OR 97223-7195. 

Telephone. (800) 723-9166, or on the World Wide Web at http://www.psoriasis.org. 

ALLERGAN 
Allergan, Inc. 

Irvine, California 92612, U.S.A. 

©1997 Allergan. Inc. 

January 1997 
(PM#) (copy code) 

Printed in U.S.A. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES 


Public Health Service 


Division of Dermatologic and Dental Drug Products 


Center for Drug Evaluation and Research 
Food and Drug Administration 
9201 Corporate Boulevard, HFD-540 
Rockville, MD 20850 

facsimile transmission 


DATE: June 13, 1997. 

TO: Thomas Walton 
COMPANY: Allergan 


Number of Pages (including cover sheet) 15 


FAX NUMBER: 714-246-4272 

MESSAGE: NDA 20-600 Tazorac Gel 

Please find Approval letter and approved labeling for NDA 20-600. 


NOTE: We are providing the attached information via teiefacsimile for your convenience. This 
material should be viewed as unofficial correspondence. Please feel free to contact me if you 
have any questions regarding the contents of this transmission. 


FROM: Olga Cintron, R.Ph. 

TITLE: Project Manager 

TELEPHONE: 301- 827-2020 FAX NUMBER: 301-827-2075 


THIS DOCUMENT IS INTENDED ONLY FOR THE USE OF THE PARTY TO WHOM IT IS ADDRESSED AND MaY CONTAIN 
INFORMATION THAI IS PRIVILEGED. CONFIDENTIAL, AND fROTFCTED FROM DISCLOSURE UNDER APPLICABLE LAW. If you 
are not the addressee, or a person authorized to deliver the document to the addressee, you are hereby notified that any review, disclosure 
dissemination, copying, or other action based on the content of this communication is out authorized. If you have received this document .0 emir 
please immediately notify us by telephone and return il to us at the above address by mail. Thank you. 
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Applicant is of the opinion that U.S. Patent 5,089,509 
is eligible for extension under 35 U.S.C. § 156 because it 
satisfies all the requirements for such extension as follows: 

I. (a) 35 U.S.C. § 156(a) 

U.S. Patent No. 5,089,509 claims the compound 
Tazarotene, i.e., 6-[2-(4,4-dimethylthiochroman-6- 
yl)ethynyl]nicotinate, and the use thereof in 
treating psoriasis; 

(b) 35 U.S.C. § 156(a)(1) 

The term of U.S. Patent No. 5,089,509 has not 
expired before submission of this Application for 
Extension; 


(c) 35 U.S.C. § 156(a)(2) 

The term of U.S. Patent No. 5,089,509 has never 
been extended; 


(d). 35 U.S.C. § 156(a)(3) 

The Application of Extension is submitted by 
Allergan the owner of record of U.S. Patent No. 
5,089,509 in accordance with the requirements of 35 
U.S.C. § 156(d) and the guidelines of the United 
States Patent and Trademark Office; 


(e) 35 U.S.C. § 156(a)(4) 

Tazorac having the active ingredient Tazarotene, 

has been subject to a regulatory review period for 
its commercial marketing or use; 
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(f) 35 U.S.C. § 156(a)(5)(A) 

The permission for commercial marketing or use of 

Tazorac , after the regulatory review period is the 

first permitted commercial marketing or use of 
Tazarotene, the active ingredient under the 
provision of the Federal Food, Drug, and Cosmetic 
Act f21 U.S.C. 355), under which such regulatory 
review period occurred; and 

(g) 35 U-.S.C. § 156(c) (4) 

No other patent has been extended for the same 
regulatory period for the the active ingredient 
Tazarotene. 

The length of extension of the patent term of U.S. 

Patent 5,089,509 claimed by applicant is 845 days or 2.3 
years, which will have the effect of extending the term 

of the patent after the date of approval of Tazorac to 

fourteen (14) years in accordance with 35 USC § 

156(c)(3). 

(a) The regulatory review period under 35 U.S.C. § 
156(g)(1)(B) was from February 16, 1990 (the 
effective date of the IND) until June 13, 1997 
which is 2,674 days or 7.3 years. 

(b) The period of review, under 35 U.S.C. § 

156(g)(1)(B)(i) was from February 16, 1990 
(effective date of IND) until June 16, 1995 (NDA 
submission date), which is 1,946 days or 5.3 years. 

(c) The period of new drug application review under 35 
U.S.C. § 156(g)(B)(ii) was from June 16, 1995 (NDA 
submission date) until June 13, 1997 (NDA approval 
date), which is 730 days or 2.0 years. 
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(d) Under 35 U.S.C. § 156 (c)(2), the period of 
extension may include only one half of the period 
determined under 35 U.S.C. § 156(g) (1) (B) (i) , i.e., 
1337 days or 3.7 years (as per 11(b) above). 

(e) In compliance with 35 U.S.C. § 156(c)(3), the 
period remaining in the term of U.S. Patent No. 

5,089,509 after NDA approval of Tazorac i.e., from 

June 13, 1997 to February 18, 2009, i.e. 4,268 
days or 11.7 years, which period does not exceed 
fourteen (14) years. 


DOCKET NO. 16561CIP1(HL) 
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No. 5,089,509 
miary 18,1992 

To: Roshantha Chandraratna 


PATENT 

D STATES PATENT AND TRADEMARK OFFICE 


August 11,1997 


For: DISUBSTTTUTED ACETYLENES BEARING 
HETEROAROMATIC AND HETEROBICYCLIC 
GROUPS HAVING RETINOID LIKE ACTIVITY 


RECEIVED 


Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 


DECLARATION 


nm 
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PATENT EXTENSION 
A/C PATENTS 


Sir: 

The undersigned. Attorney for Allergan, which is the 
applicant for extension of patent term under 35 U.S.C. 156 
with respect to U.S. Patent No. 5,089,509, hereby declares 
that: 


(1) He is a patent attorney authorized to practice 
before the Patent and Trademark Office and has the general 
authority from the Applicant to act on its behalf in patent 
matters. (See attached power of attorney.) 

(2) He has reviewed and understands the contents of the 
application being submitted pursuant to 35 U.S.C. § 156 and 
37 CFR § 1.740. 

(3) He believes the patent is subject to extension 
pursuant to 37 CFR § 1.710; 
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Patent No.: 5,089,509 
Issued: February 18, 1992 

(4) He believes an extension of the length claimed is 
fully justified under 35 U.S.C. § 156 and the applicable 
regulations; and 

(5) He believes the patent for which the extension is 
being sought meets the conditions for extension of the term 
of a patent as set forth in 35 U.S.C. § 156 and 37 CFR § 
1.720. 

The undersigned hereby declares further that all 
statements made herein of his own knowledge are true and that 
all statements made on information and belief are believed to 
be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of 
the application or any extension of patent term issuing 
thereon. 

n,r„ h* if, 1991 

' Robert j(J Baran 


CERTIFICATE OF MAILING 

I HEREBY CERTIFY THAT THIS CORRESPONDENCE IS BEING DEPOSITED WITH THE UNITED STATES 
POSTAL SERVICE WITH SUFFICIENT POSTAGE AS EXPRESS MAIL IN AN ENVELOPE ADDRESSED 
TO: BOX PATENT EXTENSION, ASSISTANT COMMISSIONER FOR PATENTS, WASHINGTON, D.C. 


20231 ON August 11, 1997 (Date) 

Name of person making deposit: Bonnie Ferguson 
Signature: g — Date 
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PATENT 


Attorney's Docket No. 16561-CIP-l 



AND HETEROBICYCLIC GROUPS 
HAVING RETINOID LIKE 
ACTIVITY 

Patent No:5,089,509 


PATENT AND TRADEMARK OFFICE 


) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 


Group No. : 


Examiner': 


Issued: February 18, 1992 

Date: August 7, 1997 


Assistant Commissioner for Patents 
Washington, D.C. 20231 


POWER OF ATTORNEY BY ASSIGNEE OF ENTIRE INTEREST 


As assignee of record of the entire interest of the above identified 


(_ 

7 

application. 

tL 

7 

patent. 


POWER OF ATTORNEY 

the following attorney is hereby appointed to prosecute and transact 
all business in the Patent and Trademark Office connected therewith. 

Robert J. Baran 


Registration No. 25,806 


Attorney's Docket No. 16561-CIP-l 


PATENT 


SEND CORRESPONDENCE TO: DIRECT TELEPHONE CALLS TO: 

Robert J. Baran (714) 246-4669 

c/o Allergan, Inc. 

2525 Dupont Drive, T-2;2-E 
Post Office Box 19534 
Irvine, CA 92623-9534 


/x / Recorded in PTO on 


(type or print identity of assignee 
of entire interest) 


Address 


Irvine. CA 92623-9534 


Reel 


Frame 


0239 


/ / Recorded herewith 


ASSIGNEE CERTIFICATION 


Attached to this power is a "CERTIFICATE UNDER 37 CFR 3.73(b) 



Signature 


Martin A. Voet _ 

(type or print name of person 
authorized to sign on behalf 
of assignee) 

Assistant Secretary of Allergan, Inc, 


Date:August 


7 


, 1997 



Attorney's Docket No. 16561-CIP-l 


PATENT 


CERTIFICATE UNDER 37 CFR 3.73(b) 

Assistant Secretary of Allergan, Inc. 

I, MARTIN -A._YOST, General Partn er of Allergan , have 

reviewed the assignment documents and certify, to the best of his 

knowledge and belief, Allergan , i.e. the party seeking to extend 

the patent term of U.S. Patent No. 5,089,509, is the assignee of the 

entire right, title and interest of U.S. Patent No. 5,089,509. 

DATE: August 7 , 1997 ALLERGAN 

By: 

Martin A. Voet 




